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Above: ‘Surface’ Direct Vired Rotary Hearth Furnace 


showing charge and discharge doors 


Right: ‘Surface’ High Pressure Automatic Proportion- 
ing Burners located in furnace wall, fire above and belou 
the work, and provide flexibility in operation. This is 
one of fifty ‘Surface’ burner types available for furnace 
and heating applications 


@ After roll and butt weld operations, starter ring gear 
blanks are stacked 10-high for normalizing at 1600°F. 
in this ‘Surface’ direct fired rotary hearth furnace. 


Then, during another shift, the sized and weld-tested 
rings are reheated to 1100°F.-1200°F. for a restriking 
Operation. 

This flexibility of operation is possible through the 
use of ‘Surface’ high pressure automatic proportioning 
burners located in the furnace side, firing above and 
below the work. 


‘Surface’ rotary hearth furnaces are built round or 
square and with either radiant tube for controlled 
atmospheres, or direct fired systems for heating. 

Write for bulletins covering applications, processes, and 
equipment of your particular interest. No obligation. 


SURFACE COMBUSTION CORPORATION «+ TOLEDO 1, OHIO 


INDUSTRIAL 


PRODUC \0N LINE 
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* 
double duty 


THIS VERSATILE DIRECT 

FIRED ROTARY HEARTH 

FURNACE HANDLES TWO 
IMPORTANT JOBS: 


FURNACES ° 
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HARDEN IT 


One 100 KW, 10,000 cycle TOCCO machine does 
139 different production hardening jobs at Lima- 
Hamilton Corp., Lima, Obio. 


with TOCCO’ Induction Heating 


Progressive engineers at Lima-Hamilton Corporation recently adopted 
TOCCO Induction Heating for the hardening of bearing areas on this slide 
pin used in famous Lima Power Shovels. Your part may be very different 
but if it has to be hardened, soldered, brazed, annealed or forged TOCCO 
probably can cut your costs and improve your products, too. 


CUTS COSTS Formerly this pin was carburized 
and hardened all over by conventional heating 
methods. Distortion was such that each part had 
to be straightened and then centerless ground to 
close limits. Rejects often ran 25% to 30%. TOC- 
CO heats just the bearing areas that require hard- 
ening—result, no distortion, no final grinding, no 
rejects and 9¢ saved on each part. Production is 
410 pieces per hour. 


THE OHIO CRANKSHAFT COMPANY 


St 


Name — 
é Position____ 
R) Company 
Address 


VERSATILITY, TOO In addition to the pin shown 
above, Lima hardens 138 other parts ranging from 
small screws to large gears—all on the same TOC- 
CO machine. Between production hardening jobs, 
the machine is used for brazing carbide tips on cut- 
ting tools—some 10,000 during 1948. TOCCO 
engineers will gladly survey your plant to deter- 
mine where TOCCO can cut your costs, speed-up 
your production, without obligation, of course. 


Mail Coupon Today 
THE OHIO CRANKSHAFT CO. 
Dept R-4, Cleveland 1, Ohie 


| vew FREE 


BULLETIN 


Please send copy of “Typical Results 
of TOCCO Induction Hardening and 


Heat Treating”. 














City Zone State 
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DESEGATIZED 


BRAND 
HIGH SPEED STEELS 
* 
HIGH CARBON - HIGH CHROMIUM 
DIE STEELS 





LATROBE DESEGATIZED* BRAND STEELS cut 
heat treating losses by responding advantage- 
ously to heat treating processes. This desirable 
response is the direct result of FULL UNIFORM- 
ITY . .. that is, steel in which the all-important 
carbide particles are evenly dispersed through- 
out. This exclusive feature of LATROBE 
DESEGATIZED BRAND STEELS eliminates un- 
necessary structural stresses: cracks, checks and 
warpage are radically minimized . . . more free- 
dom in design of parts is allowed... . ease of 
machining and grinding, and increased tool and 


die life are resultant. 
LATROBE DESEGATIZED STEELS 
Setting the Pace 
in Tool Steel Quality. 


“Trade Mark Registered U. S. Pat. Office 


LATROBE ELECTRIC STEEL COMPANY 
LATROBE, PENNSYLVANIA 


Write or call your nearest Latrobe Sales Engineer for the complete facts on LATROBE DESEGATIZED BRAND STEELS 
Branch Offices and Warehouses are conveniently located in principal cities. 














THIS MICROMA 
RAN CON 
For OVER 


TINUOUSLY 
3 YEARS 


The Chapman Valve Manufacturing Company of 
Indian Orchard, Mass., didn't actually put the above 
sign on this Micromax Control Pyrometer but they 
found they can count on such service when needed 
For this instrument did operate, continuously with 
out a stop of over a few seconds for 30,000 hours 
or 3.42 years, regulating the little test furnace at the 
extreme left of the photograph. 


During the run, chart paper, ink, lubricant and 
dry cells were replenished — but there was no mainte 
nance — no cleaning except an occasional whisk of 
the janitor’s brush. 


Standard Equipment Used 

This record was merely an incident in the routine 
of Chapman's Research Dept. Engineers in that plant 
are constantly testing valve materials, in order to be 
sure that the finished valves will have proper resist- 
ance to heat, pressure, chemicals and other service 
conditions. In this particular case the test was to be 
unusually long, but not otherwise noteworthy. The 


x INSTRUMENT 


engineer in charge selected a furnace, and equipped 
it with a Micromax Pyrometer, selected more or less 
at random from among the hundred-odd which Chap- 
man has on hand for such purposes. The test was 
then started up 


Helps Show Test Dependability 

Month-in and month-out, Micromax operated with 
quiet efficiency until the test was over. Then, in 
verifying the test, engineers unearthed the details of 
the pyrometer’s performance. They were pleased, but 
not particularly surprised, for they already had full 
confidence in their Micromax equipment. They feel, 
however, that even if this run is not a record per 
formance, nevertheless it tends to show the general 
dependability of all their quality-guarding tests. 


You may not need such continuous service, but it’s 
helpful to know you are using equipment of that 
quality. If you'd like more information about the 
instrument, ask Leeds & Northrup Co., 4927 Stenton 
\ve., Philadelphia 44, Pa., for Catalog N-33A. 


MEASURING INSTRUMENTS ~- TELEMETERS - AUTOMATIC CONTROLS + HEAT-TREATING FURNACES 


MteEDS & NORTARYE Ce 


Jrl. Ad N-420(2 


Metal Progress is published and copyrighted, 1949, by American Society 
for Metals, 7301 Euclid Avenue, Cleveland, Ohio Issued monthly; 


subscriptions $7.50 « year Entered as second-class matter Feb. 7, 1921, 
at the post office at Cleveland, Ohio, under the act of March 3, 1879 
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12 oclock 
AND ALL’S WELL 


WITH A 


brown ZfecXonéX Indicating Controller 


G Actual temperature is always shown at the top center of a 
huge black-on-white scale... at the 12 o'clock position. 


2) When temperature is at the set point, the index is also at 
the 12 o'clock position. 


3) The rotating scale is almost a yard long. 


All this means that you can now tell at a glance . . . even as far 


away as 60 feet... that your temperature is right. 


Large control index setting knob permits easy and accurate setting 
of control point. 


This Electronik. Potentiometer is inexpensive in first cost and in 
maintenance. The few moving parts move only during tempera- 
ture changes. Inside and outside, it is designed to do the job long 


and well. . . with unmatched speed and extreme accuracy! 


MINNEAPOLIS-HONEYWELL REGULATOR CO. : — : 

BROWN INSTRUMENTS DIVISION Catalog 15-13 fully describes the types 
of control . . . electric contact and elec- 
tric proportional . . . available with the 
Electronik Rotating Scale Potentiometer. 


4503 Wayne Ave., Philadelphia 44, Pa. 
Offices in principal cities of the United States, Canada and throughout the world 
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ING silicon-manganese steel 


NEUTRAL HARDEN nagar 


geors without decorburization. 
3c per pound of work treated. 


PROCESS ANNEALING medium carbon alloy steel 


led in 45 minutes 
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80% LESS LABOR 


tomotive valve 
oL CYANIDE HARDENING estat ee nel 
rah er ee bon Produc- pusher rods in 2 mecho 
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over old ™ » 
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.»-ON 4 HEAT TREATING 
gectgme APPLICATIONS OUT OF S 


ANNEALING or HARDENING Ajax Electric Salt Bath Furnaces offer tremendous advantages over conventional 


unit eliminated 
12% to O%. Distortion red 
001 in., eliminating nee 


Ajax Electric Salt Bath Furnaces 
ore available in a complete 
range of sizes and types for 

CARBURIZING 





STAINLESS STEEL heat treating methods in almost every case. This fact is proved beyond question in 
i well over 2,500 installations ranging from small batch type units to huge mech- 
BRAZING ° e . ~~, : 
2 HaaDees MON Sheen sTet: anized furnaces. And, by way of further proof, Ajax will gladly treat a job batch 
of your materials under actual shop conditions in the Ajax Metallurgical Laboratory- 
AUSTEMPERING ° . os 
Thus you see exactly what results will be obtained, under what labor conditions 
MARTEMPERING - 
‘ and at what cost, before you buy. 
PROCESS ANNEALING - 


CYCLIC ANNEALING 
SOLUTION HEAT TREATMENT 
DRAWING (TEMPERING 
DESCALING 
CLEANING 
DESANDING 


Get your name on the list to receive TIPS AND TRENDS, the Ajax 
periodical that will keep you up to date on salt bath heat treating 
methods and developments. Each issue is chock-full of practical heat 


treating ‘‘know how"’ written by specialists. Available on request. 


AJAX ELECTRIC COMPANY, Inc., 











Nobody throws away 


Stainless Steel 











Stainless steel lasts. Allegheny Metal stays bright and strong 
—gives lifetime service—under conditions of corrosion, heat 
and wear that send lesser metals to the junk-pile in a few 
years, or perhaps only months. Wherever a superior metal 
will give you advantage, you'll find it cheapest in the long run 
to use Allegheny Metal, the time-tested stainless steel. 


ae tochaical and fabricating ee can help, too—yours for the asking. 


EEL CORPORATION 


of Otacrless Stoel in All Pou 


rt SO ae in Principal Cities 
is stocked by all Jos. T. Ryerson & Sah, Inc., Warehouses 
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“A YEAR MACHINES! 


A study of typical plants where Spencer Turbo-Compressors have 
been in use ten years or more shows less than one dollar per year 
per machine for spare parts. 


The centrifugal design with wide clearances, low peripheral speeds 
and only two bearings to lubricate is partly responsible for this record. 


Original test efficiencies are maintained for the life of the machine. 
Power is used only in proportion to the load—and efficiencies are 
high at all loads. 


Spencer Turbos have been the preference in heat treating for many 
years. ‘Other uses’’ however have been increasing rapidly. Here 
are some of the special services that are being rendered by 


GAS BOOSTERS VENTILATION 
SPENCER 
Atmos Gas Producer AND COOLING 


TURBOS Gas Plants Scale Blowing 


Glass Cooling 
Premixing Equipment Mines 


AGITATION —— 
; GAS ENGINE — 
| PI 
Socke Mating MISCELLANEOUS 


ASK FOR THESE BULLETINS amen Testing Glass Blowing 

Sewage Super-charging Paint Spraying 
TECHNICAL BULLETIN No. 126 Yeast Engine Exhaust Tin Plate Cleaning 

DATA BOOK No. 107 

GAS BOOSTERS No. 109 

FOUR BEARING No. 110 Spencer Turbos are standard in capacities from 35 to 20,000 cu. 

BLAST GATES No. 122 ft.; 3 to 800 H.P.; 8 oz. to 10 Ibs. Four bearing, gas tight; single and 

FOUNDRIES No. i12 multi-stage. 


aay CE ER THE SPENCER TURBINE COMPANY ¢ HARTFORD 6, CONN. 


JRBU - COMPRESSORS 
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YounGsTOWN Cold Finish- 
ed Carbon and Alloy Steel Bars are 
now being produced in a wide range 
of sizes and shapes, supplied either in 
coils or straight lengths. 

Drawn to meet standard specifica- 
tions, these bars have the charac- 
teristics that make them ideal for 


high-speed screw machine 


ILA RE 


operations--uniformity of composition, 
toughness and strength, close toler- 
ances in dimension, and smoothness 

and brightness of finish. 
You'll find a Youngstown bar stock 
to meet almost any requirements. 
Tell our representative what you 
want and we will make every 


effort to serve you at once. 


COLD FINISHED 
THE YOUNGSTOWN SHEET AND TUBE COMPANY 


Manufacturers of Carbon, Alloy and Yoloy Steel Export Office-500 Fifth Avenue, New York 
COLD FINISHED CARBON AND ALLOY BARS SHEETS PLATES - WIRE - TIE PLATES AND SPIKES - 
ELECTROLYTIC TIN PLATE - COKE TIN PLATE - PIPE AND TUBULAR PRODUCTS - CONDUIT - BARS - RODS. 


CARBON AND ALLOY STEEL BARS 


Genera! Offices Youngstown 1, Ohio 


Vetal Progress; Page 448 





PANGBORN ROTOBLAST Gives You All Three! 
Faster... Better... Cheaper BLAST CLEANING 


The Pangborn ROTOBLAST “LG” 
Table offers semi-continuous 
cleaning of work with intricate 
contours and multi-surfaces. 
The work is placed on auxiliary 
work tables which revolve around 
their own independent axes 
while passing through blast 
stream on main table orbit. 
Blast stream is hurled from 45° 
angle to clean all exposed sur- 
faces of work. (Other types and 


UT your cleaning costs. Speed up blast 


cleaning 
Rotosiast. It’s the 


bottlenecks 
modern 


with Pangborn 
2entrifugal 


method of hurling abrasive with lowest cost 


and highest efficiency 


found only in 


Pangborn Blast Cleaning Machines. 
No matter what your blast cleaning prob- 


lem, Pangborn has the 


Machine for your job. . 


right RoTosLast 


. whether you clean 


sizes available.) 


Pangborn ROTOBLAST Barrels 


give top efficiency in batch meth- 


castings, forgings, stampings or miscellaneous 
metal parts. Perhaps one of these models is 
your answer. For more information, just clip 
the coupon and check the bulletins you'd like 
to read. PANGBORN CorporaTION, 1404 Pang- 


P 


BLAST CLEANS CHEAPER with the right 


od cleaning. They're famous for 
cost-slashing Pangborn rocker 
barrel action which turns the 
work for complete cleaning on all 
sides. Automatic abrasive re- 
covery mechanism saves abra- 
sive .. . saves you money. Pang- 
born’s automatic loading device 
saves time and effort in loading. 
Pangborn Rorostast Barrels are 
available in a wide range of sizes 
for large or small foundries. 


The Pangborn ROTOBLAST "Table- 
Room” for all general-purpose 
types of blast cleaning. Cleans 
any shape castings weighing but 
a few pounds, up to large cast- 
ings 5 ft. by 30 in. weighing 2'/; 
tons. It’s easy to operate. Put 
castings on table—close doors— 
turn on the blast stream. As the 
table rotates, castings are 
cleaned quickly while the opera- 
tor stands outside. This machine 
cuts jobbing foundry cleaning 
costs to a par with specialty 
foundries. 


The Pangborn Continvous-Flo 
ROTOBLAST Barrel offers you un- 
interrupted, production line blast 
cleaning. It’s the latest blast 
cleaning development with an un- 
duplicated performance record. 
Tests show 40% savings over 
batch method cleaning costs. It's 
operated by one man. Castings 
are conveyed to feed end, cleaned 
by two Rorostasrt streams, dis- 
charged ready for sorting and 
inspection. 


tt. wemetet 


born Blvd., Hagerstown, Md. 
Look to Pangborn for all the latest 
developments in Blast Cleaning and 


Dust Control Equipment 


ROTOBLAST—The Secret 
of Top Efficiency 


Pangborn’s famous Roro- 
BLAST was developed to 
clean most effectively at 
lowest cost per hour of 
operation 

Cleans faster because it 
throws more abrasive at a 
larger area with greater 
density 

Cleans better because it 
produces a finer surface 
than old-style methods 
Cleans cheaper because 
it requires less horsepower 


to propel abrasive with velocity and quantity equal to 


any other method 


uses less man power .. 


Pangborn 


gives you top blast cleaning efficiency with the right 
Roros.ast equipment for every job. 


Mere than 25,000 Pangborn Machines Serving industry 


! * ; 
Q | ; 
1 PANGBORN 
= eee 


PANGBORN CORPORATION 


Gentlemen 

Please send me the following bulletins 
TABLES T 
CONTINUOUS-FLO 


NAME 

COMPANY 

ADDRESS 

CITY es ZONE 


1404 Pangborn Bivd., Hagerstown, Md. 


ABLE-ROOM 


BARRELS 
DUST CONTROL 


STATE 


equipment for every job 





A REJECT costs you money 
... labor, material and overhead. Pro- 
duction rejects caused by a lack of raw 
material uniformity can be eliminated 
before they cost 


you money!... 


through Metallographic Inspection, the 


2OCtMHON 


ctentific 


SCIENTIFIC RESEARCH & PRODUCTION CONTROL APPARATUS 
3737 W. CORTLAND ST. ° CHICAGO 47, ILLINOIS 


Metal Progress: 


Precision Aeromount — 
Semi-Automatic 


Specimen Mounting Press 


science that provides pre-determined 
production standards and quality. 
Our new 32-page catalog contains help- 
ful information and listings of the very 
latest in equipment for preparing speci- 
mens for inspection.Write for your 


copy today. 
- 
Sold by leading 


Laboratory Supply Dealers 

















Please! A copy of your 
Metallurgical Catalog No. 860 


Company— 
Address 

City & State 
Individual ‘Title 
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IHL @D TT PATE TE/AN IL 
COLD STEEL 


Last winter in the north woods, this International 

Diesel Crawler hauled heavy loads over rough, frozen 
terrain with the temperature at the bottom of the 
thermometer. Tough on steel? You bet it is. 

But through quality control—in blast furnaces, open 
hearths, all through the mill— Wisconsin steelmen produced 
steels with stamina for this International—steels 

that can take a beating. Quality is the 

watchword at Wisconsin Steel Works. 


WISCONSIN STEEL COMPANY, Affiliate of 


INTERNATIONAL HARVESTER COMPANY 
180 North Michigan Avenue ° Chicago 1, Illinois 


7 


t Afi fie Foi 
ao 


INTERMATIONAL 
HARVESTER 
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TENTATIVE HARDENABILITY BANDS 8745 H 


ROCKWELL HARDNESS C SCALE 


35 5,35 / 


3/gR 


10 12 14 16 


18 20 22 24 26 28 


DISTANCE FROM QUENCHED END OF SPECIMEN—SIXTEENTHS 


This hardenability chart for 8745 H shows that the Rockwell hardness at a point 
6/16 in. from the hardened end of an end-quench specimen is the same as that 


found at the three-quarter radius ofa! 2 id-i. 


. Dar section quenched in agitated oil. 


Have you considered the advantages 
of ordering Alloy Steels to Hardenability ? 


There is a definite trend toward the use 
of alloy ‘“‘H”’ steels in industry. Progres- 
sive buyers of steels are specifying har- 
denability bands to eliminate top and 
bottom extremes. This provides worth- 
while advantages, as top extremes in 
hardenability frequently cause quench- 
ing cracks and bottom extremes may 
mean failure to obtain the effectiveness 
of quench desired. 

For example, a 1-3/16-in. round is 
needed to quench in oil to Rockwell C- 
50 minimum hardness at the three-quar- 
ter radius. (At this point, the hardness 
value is approximately equal to that of 


fully-tempered martensite.) Standard 
cooling rate curves for a mildly-agitated 
oil-quench show the commensurate dis- 
tance from the hardened end of the end- 
quench test to be 6 16 in 

When this required distance is located 
on an established hardenability chart, 
such as the one reproduced above, we 
find that 8745 H analysis will produce 
50 minimum and 61 maximum hardness. 
This indicates that 8745 H meets these 
particular requirements. The possibility 
of getting an 8745 type steel of lesser or 
greater hardenability is eliminated if 
the “‘H”’ steel is ordered. 


BETHLEHEM ALLOY STEELS 
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Hardenability charts similar to the 
one shown above are now available for 
many standard alloy-steel grades 

Whether you order to hardenability 
or whether you use the conventional 
methods, Bethlehem metallurgists will 
be glad to help you with your analysis, 
heat-treatment and machining problems 
Bethlehem is a dependable source for 
all of the alloy steels listed by AISI. 

BETHLEHEM STEEL COMPANY 

BETHLEHEM, PA 


On the Pacific Coast Bethlehem products are sold 
by Bethlehem Pacific Coast Steel Corporation 


Export Distributor: Bethlehem Steel Export 
Corporation 


pETHLEHE 
iiaat 





“FABRICATED 


An example of cost-re- 
ducing, quality-improving 
equipment for heat treating 
is illustrated by this Drop- 
Bottom Pit-Type Furnace 
Basket . . . fabricated and 
welded by Rolock. 
When a conventional 
basket and load are mass cuts the time interval be- 
quenched, the violent ther- tween heat and quench to a 
mal shock is highly destruc- minimum ... assuring uni- 
tive to basket life. But this oe form quality, low hour-cost 
quick opening feature in- r of basket. 
stantly dumps the load with- Rolock engineers can solve 
out immersion of basket and your specific problems . 
give you competitive advan- 
tages for today’s and tomor- 
row s production. 
We feel certain that a 
copy of Rolock’s catalog will 
be of interest to you. Why 


not write for it today. 


Offices in: PHILADELPHIA * CLEVELAND * DETROIT * INDIANAPOLIS * CHICAGO * ST. LOUIS * LOS ANGELES 


ROLOCK INC. + 1220 KINGS HIGHWAY, FAIRFIELD, CONN. 


for better work 
Easier Operation, Lower Cost 
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Operator using the new Model No. 1506 low speed pol- 
isher. Section of laboratory equipped with No. 1251 Duo 
Belt Sander—No. 1700 Electro Polisher—No. 1315 Press. 


THE BUEHLER LINE = SPECIMEN PREPARATION EQUIPMENT 
INCLUDES CUT-OFF MACHINES e SPECIMEN 
MOUNT PRESSES @ POWER GRINDERS e EMERY 
PAPER GRINDERS @ HANDGRINDERS e BELT 
SURFACERS @ MECHANICAL AND ELECTRO POLISH- 
ERS @ POLISHING CLOTHS @ POLISHING ABRASIVES 


Buckler Xd. 


PART HERS HIP 


METALLURGICAL 


LABORATORY 
EQUIPMENT 


. provides the metallurgist with the most 
complete line of modern designed precision 
machines for specimen mounting and prepara- 
tion available anywhere in the world. This 
finely made equipment has been developed 
through a thorough understanding of the 
requirements of the metallurgist and a rigid 

insistance on perfection in the mechanical design 


and construction of each item. 


Everything needed for metallurgical testing from 


cut-off machines, moulding presses, and grinders to 


the mechanical or electrolytic polishers is included 
in the Buehler line. 


In setting up complete laboratories or adding 
items to present equipment the metallurgists will 
find in the Buehler line of coordinated equipment 
everything needed for producing the best work, 
with speed and accuracy. 

Write for bulletin of new equipment or infor- 
mation on any specific item. We invite correspond- 


ence relative to setting up complete laboratories 
suitable for any particular requirement. 


Exclusive U. S. agents for Amsler and Chevenard Testing Machines 


METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE, CHICAGO 1, ILL. 
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GULF QUALITY 


NON STONER 
° “ ee Tee ‘_ 


contribute to 


smooth operation of 








(Above right) 18,000-ton die forging 
press for light metal aircraft parts. 
(Above) A maintenance man operates a 
one-shot lubricator which is filled with 
one of Gulf's quality greases. (Right) 
These powerful centrifugal pumps de- 
velop hydraulic pressures of 5300 Ibs. 
per sq. in. Gulf Harmony Oil lubricates 
the pump bearings — insures long, 
trouble-free life. 


The world’s largest 4-column forging press and 
its auxiliary equipment represent a huge invest- 
ment. To protect this expensive machinery against 
excessive wear, rust, and sludge, Gulf Quality 
Lubricants are used—for lubrication of press col- 
umns, compressors, pumps, and motors; and in 
the hydraulic system. 

Operating and maintenance men in this plant 
— as in scores of other metalworking plants — 
have found that Gulf Oils and Greases are out- 
standing in quality, uniformity, and perform- 
ance. And their records show that Gulf Products 
help them improve production and reduce main- 
tenance costs. 

Your plant, too, can benefit through scientific 








April, 1949; 


lubrication with Gulf Quality Oils and Greases. 
Write, wire, or phone your nearest Gulf office 
today and ask a Gulf Lubrication Engineer to call. 


Gulf Oil Corporation - Gulf Refining Company 
Division Sales Offices: 

* New York + Philadelphia «+ Pittsburgh + Atlanta 

Lovisville + Toledo 


Boston 


New Orleans + Houston - 
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Processing Industries 


are sold on the CAPACILOG..... 


because: 


>3+ Engineers like the Electronic Sys- 
tem simplicity of the Capacilog Re- 
corder as demonstrated on the 
“blackboard” chart. It uses the same 
Wheelco “Electronic—No Contact— 
Principle” that made pyrometer con- 
troller history a decade ago. 

An aluminum vane (1) mounted on 
the indicating pointer (2) of the tem- 
perature measuring system is free to 
pass without physical contact be- 
tween the oscillator coils (3) mounted 


TITTY 


on the follow-up arm (4A) and is 
coupled to the scriber mechanism 
which is operated by drive motor (5) 
through vertical shaft (6) and gear- 
drive (7). 

An almost imperceptible movement 
(.004 to .006) of the vane between 
the coils effects a change in current 
that causes the pen drive motor to 
operate for accurate recording and 
exceptionally close control. 

Whether your application is in the 
Metal, Chemical, Ceramic, Plastic or 
Laboratory Classification, there is a 
model for your purpose. 


COMBUSTION SAFEGUARDS 
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WHEELCO INSTRUMENTS COMPANY 


835 W. HARRISON ST., CHICAGO 7, ILL. 


Please send me the Bulletin(s) 
checked below: 


C2—Strip Chart Recorder 
Z6500— Condensed Catalog 
Nome Title 
Compony 
Street 
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Whether you use cold-rolled spring steel for blanking 
or for forming, there is a Weirton high carbon strip 
that simplifies production and holds down costs. 


Weirton's close control over every phase of manufac- 

ture is your assurance of a consistent balance of 

desirable qualities and propertie«. You can depend on le erg 
Weirton High-Carbon Strip for accurate response to ductile—idecl for cold 
heat treatment—uniformity of gage and width—uni- forming operations. 
form chemical and physical properties—exact con- 

stancy of grain structure—controlled decarburization 

limits. In other words—Weirton High-Carbon Strip 

makes good products better, helps you moke them 

more economically, 


Weirton High-Carbon Strip is obtainable with the 
desired chemical analysis and for specific heat treat- 
ing and hardness ranges, in widths up to seven inches. 


»4) 


=) WEIRTON STEEL CO. 


WEIRTON, W. VA., Sales Offices in Principal Cities 
Division of NATIONAL STEEL CORPORATION, F. ive Offices, Pittsh h, Pennsylvania 
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Seamless Tubing Production Line at 


THE BABCOCK & WILCOX TUBE COMPANY 


Demonstrates Advantages of Speed-Heating with GAS 


CONTINUOUS REHEATING of seamless tubin 
| 


tion Spec Is int 


and sizing-mill capacities, 


egrated with pict 


} 


demonstrates son 


at produ 


the important advantages of high-speed heatit 
with GAS. 


Many types of carbon, alloy and stainless ste 


are used in the manufacture of seamless tubing at 


The Babcock & Wil 


ox Tube Company. During 
s of tube formation the tubes dr 


the early stage 
in temperature before entering the sizing 
modern Gas-tired 


1 


SVivania, plant 


units in the 
perform this reheating operation 
ds up to 162 FPM for 6-1n tul 


Another important factor ts the 


at spec 


precise temperature control which 
permits adjustment of production 
Spe Is to ¢ 
from the rolling mill or 


ompensate for d 


quirements of the sizing 
addition, the automatic controlla- 


bility of GA 


adjustment of tc 


S permits imme 


type of alloy tub 


Battery of twelve continuous Gas- 
fired Selas heating units in which 
seamless tubes, on way to sizing mill, 
are reheated from 1300F to 1900F 
and above. 


AMERICAN GAS ASSOCIATION 


Some of the results, attributed to this high speed 
GAS heating system by producti ¢ 
The Babcock & Wilcox Tube Company in 

e fuel costs for reheating reduced 63 per ton 
® output increased over 10% per hour 
e product improved by absolute uniformity of heating 


@ maintenance costs reduced due to equipment simplicity 


The versatility of GAS for high-speed 
has been demonstrated in all 


It's alwavs well t 


Operations 


ot GAS 


Po 
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420 LEXINGTON AVENUE - NEW YORK 17, NEW YORK 
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OILITE 


tHe O// Cushion BEARING 


AND BIG FELLOWS 


» with Automatic Self-Lubrication 


OILITE is the heavy-duty OIL CUSHION Bearing built for 
surplus performance capacity necessary to meet unexpected 
emergencies. OILITE Bearings are used on all types of 
equipment from toy trains to heavy locomotives. They 
furnish metered lubrication without waste. Additional OILITE 
advantages are: 

First in engineering service. 

Greater plant facilities. 

Larger research staff. 

Representation in every state and Canada. 

2400 Engineers and Technicians available for counsel. 
Production tools for over 18,000 types and sizes. 

Large Bearings too—up to 24” diameter. 

And OILITE Bearings are not expensive. 

Mail us your blueprints. Address Department ! 


AMPLEX MANUFACTURING CO. wrenices 
Division of Chrysler Corporation 


FIELD ENGINEERS AND SUPPLY DEPOTS IN PRINCIPAL CITIES 


Plain Sleeve Thrust 
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How would you make SPOT WELDS 


LINDE’S new HELIARC torch for making spot welds 


with contact from only one side. 
Net Weight Ib. 
Length (barrel) 10 in. 
250 amp. 


Capacity. .. 


One hose makes the spot welding torch as light and 


portable as an oxy-acetylene blowpipe. 
Trigger action 


Push button control of electrode adjustment 


With the Herrare toreh on the assembly line, vou can easily make spot welds in those 


hard-to-get-at places. Other applications are just as easy. 
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Full Scale 


“HELIARC” TORCH SPOT WELDING can do it easily and quickly 


Torch spot welding is a new use for inert-gas- 
shielded are welding that fills a long-felt gap in 
sheet metal assembly methods. Spot welds are 
made by a light pistol-grip torch that requires 


access to the work from only one side. 


Does many jobs 

You can use this new HeLiarc torch for many 
types of spot welding work. It is especially useful 
where the structure is large or of complicated 
shape because welding is done from one side and 
no forging pressure is required. You can spot 
weld ducts, tuf<es, containers, brackets, handles 
and many other assemblies. Mild steel, low alloy 
or stainless steel .030 to .064 in. thick are the 
metals that can now be welded. Not only can 
you join sheets of these metals in one to two 
seconds per spot, but you can also join a sheet 
of metal to underlying material of any thickness. 
Thus, corrosion resistant sheets can be spot 


welded to mild steel plate to provide cladding. 


Easy to use 
It's no trick to weld with the pistol-grip 
Hevianc HW-8 Spot Welding Torch. Just press 
the “muzzle” of the “gun” against the work and 


pull the trigger. 


The words “Linde” and ~Hehare™ 


Low-cost power equipment is another feature 
of this process that makes it attractive. A regular 
300 amp. welding transformer with high frequency 
unit is all that is needed to supply the power. 
Power return is by ground lead clamped to the 
work at any convenient location. A timer con- 
trol automatically takes care of operating the 


accessory equipment. 


Equipment is simple 

Only one hose assembly connects the torch to 
the accessory equipment which can thus be 
placed out of the way to leave the entire work 
area free. The standard hose assembly is 25 ft. 
long. The hose is about an inch in diameter and 
contains conductors for power cable, cooling 
water, shielding gas, and trigger control. Electrode 
adjustment is easily made by push-button 
control located on the torch. All of these features 
make the spot welding torch easy and natural 
to use and as light and portable as an oxy- 
acetylene blow pipe. 

The ease of use and quality of work done with 
Hewiarc torch spot welding makes it an ideal 
production line tool. Contact any Linpe office 
for additional information about this new spot 


welding process. 


are registered trade-marks of The Linde Aw Products Company 


THE LINDE AIR PRODUCTS COMPANY 
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Trade-Mark 


42nd St 


Canado 


New York 


DOMINION OXYGEN COMPANY 
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FOR EVERY BEARING NEED! 


Most white metal bearing problenss can be successfully 
solved by using one of the Federated Big 1 Babbitts— 
Thermodyne. \NNX Nickel, Merit and Record. 
Thermodyne and XXX\X Nickel are tough. dense- 
grained tin-base babbitts for heavy bearing loads at high speed operation. 

Merit and Record are ductile, low-cost lead-base babbitts for lighter loads 
at more moderate speeds, 

The Federated Big 1 branded babbitt- are scientifically designed to answer 
most white metal bearing needs, and thus to simplify your bearing problems. 
For special requirements. alloys of any composition can be supplied. 

To order, or to obtain more information call or write the nearest of 
Federated’s 11 plants and 24 sales oflices across the nation, 

Federated also makes many other ron-ferrous produc ts, 

including copper-base alloys. aluminum and magnesium alloys, 


sulders. die casting metals and fabricated lead products. 


Sedewiduc METALS 


Division of American Smelting and Refining Company, 120 Broadway, New York 5, N.Y. 
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A New SPARK-GAP UNIT and a New VACUUM-TUBE UNIT 


This is the completely redesigned unit shown for the first 
time at the Metal Show. Available in 71/2, 15 and 30-kw 
input ratings. All-steel frame, base and panels — with in- 
teriors of the latest fire-resisting materials. Operating 
controls arranged for greater convenience; appearance 
is strictly modern. 

All features that have made Lepel spark-gap units so 
popular for high-frequency heating in the past are re- 
tained. Same unit can be used for heating or melting 
without matching transformers or condensers. Delivers 
full rated output when treating non-ferrous as well as 
ferrous materials. Uses minimum power: and water per 
kilowatt of output uses no power or water whatever 
when idling. 


yA 


HARDEN SOLDER BRAZE 


This is the last word in high-frequency heating equip- 
ment of the electronic-tube type. Designed by engineers 
who are high-frequency specialists, exclusively, it com- 
bines in its all-steel cabinet al/ of the latest improve- 
ments and all proved features of this type of equipment. 
Rating: 20 kw output. 

This new unit is extremely flexible: It is suitable for 
heating non-ferrous as well as ferrous metals to any 
desired temperature. Easily adjusted to any load; re- 
quires no matching transformers or condensers; can be 
used for hardening, soldering, brazing or melting. All 
components, including the industrial-type heavy-duty 
tubes, are ultra-conservatively rated. Uses only 1 gallon 
of water a minute when idling, less than 5 at full load. 


LEPEL HIGH FREQUENCY LABORATORIES 


39 WEST 60th STREET, NEW YORK 23, N. Y. 
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Employing only one measuring sys- 
tem, the new Foxboro Multi-Record 
Dynalog gives up to 6 clean-cut rec- 
ords in as many different colors on 
one convenient round chart. The in- 
genious, foolproof switching arrange- 
ment provides recordings in sequence 
every 6 seconds—so close that the 
record of each measurement appears 
as a continuous line. The record 
colors positively will not run together. 


Like all Dynalog Electronic Instru- 
ments, balancing from any measure- 
ment point is entirely stepless and 
continuous. Its combination of accu- 
racy, speed and sensitivity is 
unequalled. 

The Multi-Record Dynalog is avail- 
able for measuring several tempera- 
tures or other process variables. Send 
for Bulletin 428. The Foxboro 
Company, 52 Neponset Avenue, 
Foxboro, Mass., U.S. A. 


UNIQUE ADVANTAGES! 

1. Round Chart simplifies operations. You can 
check records faster, easier and better on the 
familiar, compact round chart of the new Multi- 
Record Dynalog. No yards of paper to insert, 
remove and spread out. Practically continuous 
lines to follow. Up to 6 distinct colors. Charts 
occupy less space cost less to use 

2. Round Chart standardizes operations. You 
can order, stock and use the identical form of 
chart as used on other types of process 
instruments. 


3. Multi-Record Dynalog saves space. 


* Reg. U.S. Pat. Off. 


Antter FOXBORO FIR6T 
WA ( 
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WAR in our shop” 


“One costly shutdown after another dogged our machine shop opera- 
tions until we finally learned the reason. Our circulating oils were 
foaming and oxidizing which caused sludge formation and critical 
corrosion damage to our equipment 

“A Cities Service Lubrication Engineer suggested a change in the 
circulating oils. We tried a Cities Service Pacemaker ‘T’ oil. These 
multi-purpose oils are fortified against foaming, oxidation and rust. 

“Results were immediate. Costly shut-downs were reduced by over 
200°. Efficiency of the whole line improved and quality of produc- 
tion was substantially stepped up.” 


Gree If you use cutting oils 


write for our booklet “Metal 
Cutting Fluids.” Write Cities 
Service Oil Company, Reco 


262, Sixty Woll Tower, NewYork CITIES SERVICE PACEMAKER “1” MULTI. PURPOSE OILS 


5,N.Y * For Hydraulic systems * For Air Compressors * Other circulating systems 


me CLTtES (0) SENWICE coe 


April, 1949; Page 463 





model CU-200 


troat 


this new unit generates an atmosphere 
Suitable for the following applications 


Hardening operations . . . bright annealing copper and 
ferrous metals . . . copper or silver brazing of steel... 
silver brazing of non-ferrous metals and alloys . . . sintering 


. tempering . . . clean annealing of brass . . . and con- 


trolled oxidation processes. 


The equipment is housed in a modern, streamlined steel 
cabinet with a panel front. All controls are mounted at 
normal height for easy inspection and operation. It's easy 
to operate .. . simply set the controls . . . press the ignition 
push button, then open the main flow control valve. Write 


for Bulletin HD 1048 for complete engineering data. 


Chock thune 


ito Nag 


The unit is compact ... re- 
quires less space... modernly 
designed. 


Low first cost: low mainten- 
ance cost, yet results produced 
are high quality. 


All gauges. flow meters, etc. 
are panel mounted at the cor- 
rect height for easy inspection 
and adjustment. 


A sampling valve is provided 
on the panel for testing pur- 
poses. 


Automatic ignition is provid- 
ed which simplifies starting 
the unit and reduces the start- 
ing time. 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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Get the benefit of 
60 years of 


Aluminum knowledge 


SPECIFY: SCREW MACHINE PRODUCTS BY ALCOA 


Nature made aluminum light: Alcoa research made it 





strong. Aleoa engineering makes screw machine parts 
accurate for trouble-free operation. 

Alcoa engineers, backed by 60 years’ background of 
aluminum knowledge. can often save you important 
money by suggesting design changes that will make a 
better product at lower cost. 


Before the part becomes a problem, call your Alcoa Complete facilities 


Screw Machine Products man. Sales offices in 514 cities. 

parm ™ iechasrt under one roof 
Or write ALuwinem Company or America, 2101 Gulf 
Building. Pittsburgh 19, Pennsylvania. 


[ALCOA] 
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Finished products or equipment 
made of Armco ZINcGRIP-PAINTGRIP 
last longer in service because they 
are protected from rust by this three- 
layer shield 
1. A unique zinc coating that can be 
drawn or formed without flaking or 
peeling; 2. A mill-applied Bonder- 
ized finish that takes and preserves 
paint; 3. The paints or enamels you 
apply after fabricating 

Actual field tests show that the 
coating on Zinccrip has 15% to 45 
greater atmospheric corrosion resist- 
ance than regular galvanized sheet 
coatings of equal weights. And be- 


ARMCO ZINCGRIP-PAINTGRIP STEEL 


PROTECTION 


FOR FORMED PRODUCTS 


cause the specially-applied zinc 
coating s-t-r-e-t-c-h-e-s when drawn 
it provides unbroken zinc protection 
for sharply curved sections as well 
as flat parts. 

Next, the Armco mill-Bonderized 
finish known as PAINTGRIP comes into 
play. This neutral surface film can 
be painted without chemical etch- 
ing. By insulating the paint from the 
zinc it preserves the natural oils in 
paint, preventing premature flaking 
or peeling 


FIRST OF ITS KIND 


Armco Zinccrip-Paintcrip was the 
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first zinc-coated steel that could be 
severely formed and drawn and 
painted immediately without pre- 
treatment. It has a record of more than 
11 years in proved service 

You may not be able to obtain as 
much of this special-purpose steel ir 
sheets or coils as you could use now 
but we're doing everything we car 
to meet your needs as soon as po: 
ible. Armco Steel Corp., 126 Curtis 
St., Middletown, Ohio. Export: The 


Armco International Corporation 
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Research leadership back of every Ingot 


Apex Smelting Company 


Chicago « Cleveland 








Field metallurgists are available for your foundry problems, casting engineering and alloy selection. 





These accessories will broaden the usefulness — 
increase the value — of your present equipment 


A 


Tate-Emery Air Cell extends 


nge of testing mac 


ment between specimen gage 


rather than a 


Baldwin Strain 
hir n rd te tenance of a constant rate 


head separatior 


Furnace 


LSUO'} 


in Rec 

s available for virtually 

make of test 
1 No. 262 


2 — ¥Y H. I 


machines. to &S 


mon 
Bulleti 


No 


ing 
203 


These illustrations show only a few of the many Baldwin 


accessories that will implement existing machines for broader 
field 


scientific progress and industrial development 


s of use, and make them an even more valuable tool in 


Some of 
these accessories can 


others are limited 


} | . - I ' 
be used on any make of machine 


to certain types. You will find complete 


informaticn on each individual device in its special bulletins; 


the numbers are listed 


Moore i 


accommodates rout 


Pacer pe 


mstant rate 


Bu 


inches 


cating extensometer 





rmits miair Baldwin Controlled-Temperature Cab- 


displace net machine tension, com- 


points 


permits 
and flexure tests at 

7° | 20" | 
tained within 41 No 


pression temper- 
to + 


Bulletin 


ol cross atures from main- 


etin No 24 


280 


taldwin PSH-S extensometer (micro- 
former model PSH-8M), for use with 
standard threaded-end specimens at 
temperatures up to 1600° F. Bulletin 


Baldwin *SR-4 Strain Gages and other 
associated equipment have become an 


cs 


Nm 


y 


ald 


d or flat sy 


pecimens 


in length. Bulletin invaluable tool in stress analysis 


*Trade-Mark Regvstered U.S. Pat. OF 


A 261-A—1s 
just off the press. It lists a number of the items illustrated, 


as well as others, and will be a helpful addition to your test- 
ing equipment file. We will be glad to send a copy on request 


\ 7 
new bulletin on grips and accessories—No 


Philadelphia 42, Pa., U.S.A. 
ace Houst Louis, 
San Francisco, Seattle, Wash- 


Ltd., Montreal, Quebec. 


omotive Works 
New York, Phil 
Pittsburgh 


Pea 


The Baldwin Lor 
Offices: Bostor 
Chicago, Cle nd 


In ¢ 


Iphia ym, St 


ington anada ock Brother 


testing headquarters -B AL DWJIIN 
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Makes the Toughest 
Forging Specifications 
Seem Easy... 


AND BOOSTS PRODUCTION 


40% {(E 


Ask for the scores of $ ‘ SINCE 1916 
ideas in Induction Heating \ h 


Bulletin 13-A N Wy 


A 
AJAX ELECTROTHERMIC CORPORATION A wisatia 
AJAX PARK, TRENTON 5, N. J. ‘7 Vv 


Associate Companies 
THE AJAX METAL COMPANY AJAX ELECTRIC FURNACE CORPORATION 


HEATING & MELTING 
AJAX ELECTRIC COMPANY, INC. . AJAX ENGINEERING CORPORATION 
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IF YOU USE PYROMETERS... 
YOU NEED THIS NEW BOOK 


Engineering-Handbook on correct selection 
and application of Thermocouples 
and Protection Tubes. 


’ ANS 
qu nsnratt 


Ny 
erent 
yg 


= 


Not only a complete, easy-to-use compilation tions ... tables of calibration data... PLUSa 
of Bristol's line of modern thermocouples and conveniently indexed and carefully illustrated 
pyrometer accessories . . . it’s also a textbook —_ catalog of the complete Bristol line of thermo- Send 
on thermocouples. couples, wire, protection tubes, insulators and coupon 
When you consider that Bristol was the accessories. 
originator of commercial pyrometers in this Have this 56-page combination Handbook for 
country, you can easily see how much “‘know- and Buyers’ Guide always on your desk. Send 
how”’ must have been put inside the covers of | coupon for your free copy today. THE BRISTOL your 
this bulletin. COMPANY, Waterbury 91, Conn. (The Bristol 
You'll find tables and charts usefulin quickly Company of Canada, Ltd., Toronto, Ont.; copy 
selecting the right thermocouple and protec- Bristol's Instrument Co., Ltd., Lynch Lane, 
tion tube . . . illustrations of typical applica- Weymouth, Dorset, England. & 


The Bristol Company 
106 Bristol Road 
Waterbury 91, Conn 


Yes, I want that new pyrometer guide of yours. 
RIS 0 Please send a free copy to 


NAME 
Engineers Process Control 


for Better Products and Profits COMPANY 





ADDRESS 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 


Metal Progress; Page 




















Life begins at 
10,000 hours 


with NICHROME: 


we 


St Aliop 
5 
4, 


For over 30 years, Driver-Harris has 
been engineering and casting high heat-resisting 
nickel-chrome alloys . . . finding the answer to 
a multitude of heat-treating problems. Result: 
Furnace parts and heat-treating equipment that 
are unexcelled for efficiency, economical service, 
and long life 


These pictures, showing various types of fur- 
naces, illustrate typical examples of D-H long- 
life furnace parts in action, in equipment made 
by American Gas Furnace Company 


A—Rotary Gas Carburizers which, in addition 
to carburizing, are well adapted for harden- 
ing, annealing, or normalizing in controlled 
atmospheres. Large Nichrome retorts (av- 
erage capacity: 1,800-lbs. of work) have 
served up to 24,000 hours apiece in these 
machines, at temperatures between 1500° 
and 1650°F. 


B—This Twenty-two Hundred Pound Retort, 
receiving its final machining for use in the 
type of furnaces shown in “A”, is typical 
of the big applications the heat-treating in- 
dustry has found for versatile Nichrome. 





a : 





C—Nichrome muffles in this Reciprocating 
Muffle Furnace, operating at temperatures 
between 1550° and 1700°F., have stayed on 
the job for as long as /2,000 hours without 
requiring attention gone back to work 
for several thousand more after receiving 
only minor repairs. Furnace capacity: 150 
- 300 Ibs. per hour. Used for carburizing, 
hardening and annealing 


D—Vertical Carburizing Furnace, operating at 
temperatures approximating 1650°F., in 
which a Nichrome retort, of 30” inside dia- 
meter, has given 36,000 hours of highly 
efficient, dependable service. 


And as with Nichrome, so with other D-H cast 
alloys, such as Chromax* and Cimet*, whose 
excellent oxidation resistance and strength at 
elevated temperatures make them unsurpassed 
for conventional applications, indispensable in 
the case of extraordinary problems. So specify 
D-H alloys, to get improved heat transfer, 
shorter heating and cooling cycles, and, most 
important of all, Jower heat-hour costs 


Nichrome is manufactured only by 


Driver-Harris Company 


HARRISON, 


NEW JERSEY 


BRANCHES: Chicago, Detroit, Cleveland, los Angeles, San Francisco, Seattle 


*T.M. Reg. U.S. Pot. Of. 








POURS THROUGH SANITARY VALVES: OF 


free-Machining ENOURO STAINLESS STEEL 


A VALUABLE AiD FOR 
MACHINISTS 

It’s a handy Speed and Feed Selec- 

tor to help you in machining stainless 

steel. Send for one TODAY. . it’s FREE. 


REPUBLIC STEEL CORPORATION 
ADV. DIVISION © DEPT. MP 


3100 East 45th Street 
Cleveland 4, Ohio 


There's no compromise with quality when it comes to protecting the taste 
and purity of America’s favorite soft drinks. That's why sanitary, easy-to- 
clean, corrosion-resistant ENDURO Stainless Steel (Type 303) is used for 
these fountain dispenser valve parts. 


From a manufacturing standpoint, there are other reasons, too, for the 
specification of ENDURO Cold Finished Bars. Close tolerances . . . accuracy 
of section... uniform soundness . . . fine surface finish . .. and UNIFORMLY 
HIGH MACHINABILITY .. . all combine to keep down unit costs and 
reject losses. 

Whenever you need top machinability plus one or more of the other 
qualities which only stainless steel can provide, remember to specify Republic 
ENDURO Stainless Steel Bars—cold finished or hot rolled—and wire. 
Available for prompt delivery. Write us today. 


ENDURO G29 


STAINLESS STEEL 


Other Republic Products include Carbon and Alioy Steels —Pipe, Sheets, Strip, Plates, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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RYERSON (0</, 
ALLOY STEEL 


lhwd 


His Signature -- 
Your Alloy Protection 


buy on the basis of hardenability with complete 


Chis Ryerson alloy inspector's signature completes 
a triple play for your protection spark tester to 
laboratory metallurgist to inspector. 

First the spark tester checks the spark pattern to 
verify the steel’s analysis. Then the metallurgist tests 
it for hardenability in the Ryerson laboratory. Fi- 
nally, the inspector checks the steel when ready for 
shipment and certifies with his signature that its 
type, size, finish, condition, color marking and heat 
identification exactly meet specifications of the order. 

The inspector’s signature also means that the 
Ryerson Alloy Certificate sent with the steel cor 
rectly charts hardenability for the particular bars 
shipped. This Certificate proves that the steel will 


meet performance requirements—enabling you to 


safety. Heat treating? The Certificate guides you to 
quick, accurate results. 

While we may be temporarily short of some sizes, 
thousands of tons of Ryerson alloy steels await your 
call—triple-checked for quality. Just contact your 
nearby Ryerson plant. 


Principal Products 
BARS—Carbon & alloy, hot STAINLESS—Allegheny metal 
rolled & cold finished plates, sheets, bars, etc. 
STRUCTURALS—Channels, PLATES—Sheared & U. M.,, 
angles, beams, etc. Inland 4-Way Floor Plate 
TUBING—Seamless & welded SHEETS—Hot & cold rolled, 


mechanical & boiler tubes many types & coatings 


MACHINERY & TOOLS — For metal working 


Joseph T. Ryerson & Son, Inc. Plants: New York, Boston, Philadelphia, Detroit, Cincinnati, 


Cleveland, Pittsburgh, Buffalo, Chicago, Milwaukee, St. Louis, Los Angeles, San Francisco 


CERTIFIED 


RYERSON STEEL 
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RAPID REFINING 





BY THE UGINE- 





PERRIN METHOD 





=” 

a it has been possible to 
resume pleasant relations, after the war, with 
American friends, I have been asked several times 
about the Ugine-Perrin process and its develop- 
ment, having written something of its origin in 
Metal Progress as early as February 1933. Conse- 
quently I feel it apropos to write a short article 
describing the present status of this process; it 
will serve as a collective answer to the various 
questions, individual and partial, and furnish a 
more complete picture for all. 

First it might be well to quote from the article 
of 16 years ago: 

“In order to increase the speed of reaction 
between the molten metal and slag, we must 
increase their fluidity, and the area of contacting 
surfaces across which the elements transfer from 
metal to slag and vice versa. Intimate contact of 
relatively small masses will avoid that slow diffu- 
sion in the very heart of the bath of steel and its 
covering slag which characterizes openhearth 
practice. 

“Such accelerated operations have recently been 
achieved by a new process developed by R. Perrin 
In some experiments at Aciéries Electriques 
d’Ugine, Mr. Perrin noticed that when a very fluid 
slag of appropriate composition is melted in a 
separate pot and then vigorously rabbled into the 
liquid metal, so as to produce an emulsion of the 
two, the desired reactions are extremely rapid 
almost instantaneous.” 

Shortly before the war, Perrin succeeded in 
making important modifications in this process, 
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so briefly described, and these improvements were 
also being applied with great success in other 
places besides the Ugine Electric Steel Co.’s plant 
in France. As an illustration, thousands of tons 
of alloy steel were produced at the Huta Bankova 
company’s plant in Poland using a 50-ton basic 
openhearth furnace, and at the Forges et Acicries 
du Nord et de l'Est in Valenciennes with a basic 
bessemer (Thomas) converter. These represented 
the beginning of industrial production of special 
quality steels by this process. During the occupa 
tion of France by the German army the process 
was dropped —everyone concerned kept quiet 
It is only since the war that it has been the subject 
of a good deal of discussion in France. 


Summary of Present Process 


It would be worth while to give a brief sum 
mary of the process in its fundamental form. 

The Ugine-Perrin process is based on three 
general principles: 

First, it is fast. It seeks to refine steel rapidly 
by replacing the slow reactions of a slag floating 
on a large bath of metal by the quasi-instantaneous 
reaction when the metal is transferred from the 

*Translated by W. M. Baldwin, Jr., research pro 


fessor in metallurgy, Case Institute of Technology, 
Cleveland. 
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with hydrogen, there is a definite tend- 





Fine-grained, high-quality steel (exceedingly low 
in sulphur, oxygen and visible inclusions) is rapidly 
and economically produced by using the electric 
furnace as a melter, slagging off, adding the required 
alloying elements, and pouring into a ladle containing 
about one tenth its weight of specially formulated slag, 
Adequate refining (when temperatures are correct) 
occurs in the few minutes required to move the 


receiving ladle to the teeming platform. The process 


ency for these Ugine-Perrin§ steels to 
develop fewer internal fissures or “snow- 
lakes” 


heavy sections; this can undoubtedly be 


during the cooling of fairly 


accounted for by the elimination of 
the second slagging operation in the 
conventional electric furnace practice, 
necessary for deoxidizing and desulphur- 
izing, and which normally permits the 
molten steel to absorb a substantial 
amount of hydrogen.) 

At present, these general principles 


has been commercial for a number of vears, and are applied commercially to three 


greatly increased capacity is now being installed, 


both in France and in India. 


objectives: First, reduction of the phos- 
phorus content of the steel; second, 
simultaneous deoxidation and desulphu- 
rization of the heat; third, production ot 





furnace into a ladle of molten slag. This allows 
the greatest possible production from a furnace, 
since it is now principally a melter-— at the price, 
of course, of tying up a small furnace for prepar- 
ing the slag The energy consumed in melting 
slag in its own furnace is small compared to the 
amount put inte a large furnace containing metal 
to obtain the same fusion, plus that energy con- 
sumed during the time the mixture is held in the 
large furnace to allow the slag to react with the 
metal Later TP will give examples illustrating the 
rapidity of the method. 

Second, the process is automatic and reproduc- 
ible. It is possible to obtain results that are closely 
similar, heat to heat, and practically independent 
of the human factor. Moreover, the results will 
be reproducible from time to time and from one 
furnace to another To develop a process that 
is completely automatic would require a closer 
temperature control than is available at present 
Temperature obviously affects the slag-metal equi- 
librium as well as the course of solidification in 
the mold. 


countries to adjust the temperature of the steel 


Recent methods developed mn Various 


in the furnace will serve to increase the efficiency 
of this as well as all steelmaking processes. 
Third, as far as the refining itself is concerned 
deoxidation and desulphurization), the final 
results will be the same irrespective of the type ot 
furnace used for the melting whether acid o1 
basie converter, acid or basic openhearth, acid ot 
basic electric furnace care or high frequenes 
provided the phosphorus, nitrogen, and hydrogen 
content of the metal tapped from the melting fur- 
nace iS the same, since the refining action of the 


slag does not alfect these elements In connection 


certain ferro-alloys and high alloy steels. 
I will now summarize the results 
obtained in the three fields 


Elimination of Phosphorus 


The first objective was to lower the phos- 
phorus content of steels produced in’ basic con- 
verters (approximately 0.006 to 0.02 or less, 
by pouring the blown metal into a ladle containing 
a molten slag of iron oxide and lime 

This is easily effected, but at Northeast) Cas 
we will call the Valenciennes plant of Forges et 
Acicries du Nord et de Est) the staf? has obtained 
the same dephosphorization by skimming off the 
Slag at the end of the normal blow, adding a small 
quantity of lime to the vessel and blowing again 
for a few seconds. This practice has been found 
to be extremely economic, and hence the Perrin 
process of dephosphorization has not been widely 
idopted by French steelmakers Before the war, 
however, the staff at Ugine carried out tests for 
Tata Tron and Steel Co. At this plant in India, the 
bessemer steel (containing about 0.380 phos- 
phorus) had been normally transferred to a large 
basic openhearth for dephosphorization.* Ugine’s 
preliminary tests demonstrated that pouring such 
a Steel into a ladle with molten slag reduces this 
phosphorus to less than 0.0 in about a minute! 
The war prevented Ugine trom completing these 
tests, but Tata Tron and Steel Co. continued devel 
opment under Yaneske’s direction. Bessemer steel, 
in the new practice, is cast into a transfer ladle 
and then into a second one containing the molten 
Slag. By this means any transfer of the acid 


*The practice was described fully by B. Yaneske 
in Journal of the Iron & Steel Institute, 1927 i 2 
181 (“The Manufacture of Steel in India by the Duplex 


Process’). 
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bessemer slag into the dephosphorizing slag is 
avoided. The results were satisfactory and were 
reported ma paper by Mr. Yaneske to the Lron 
and Steel Institute in 1940 (“The Manufacture of 
Steel by the Perrin Process”). 

The Tata company subsequently decided to 
use this process in a new plant, casting the metal 
directly from the converter to the ladle containing 
the slag. This plant was built during the war, 
and there was no chance for consultation between 
the Tata and Ugine staffs. Unfortunately the 
shape of the converter’s mouth did not prevent 
the acid slag from running out with the metal and 
mixing with the basic slag in the ladle 


of course, was fatal. 


which, 


Experiments were resumed recently and = the 
bessemetr Slag was completely held back. These 
heats have regularly reduced the phosphorus con- 
tent from 0.35 in the blown metal to 0.025 in 
the steel ready for teeming. The active slag weighs 


only 7 of the weight of the steel 


Steel Refining 


The Perrin process is a powerful, rapid and 
automatic process for deoxidizing and desulphu- 
rizing steel. 

It is well to emphasize this matter of desul- 
phurization, since at first Perrin used an acid slag, 
which of course had no action on the sulphur 
content of the steel treated. An acid slag pro 
duced a steel with a MeQuaid-Ehn grain size of 
38 to 5. Sinee French specifications contain no 
requirements as to grain size, the process was 
quickly exploited at Ugine for the production ot 
a specialty. Scientific studies of the basie con- 
verter at Corby, England, and the basic openhearth 
in America demonstrated effectively enough, how- 
ever, that steel with a fine grain size (6 to 8) made 
under an acid slag has unsatisfactory cleanliness 

From a systematic study of inelusions made 


at the Ugine laboratories by Castro and myself 
(published in the Journal of the Iron and Steel 
Institute in 1935, 1936 and 1937) it was concluded 


that the best means of producing a fine-grained 


steel by a rapid process would be to introduce 
small quantities of aluminum? from = the slag 
during mixing; specifically, it was thought this 
result could be obtained by reaction between a 
steel containing silicon and a synthetic slag high 
in alumina and lime. \lumina-bearing slags are 
more expensive than those containing silica, but 
this is compensated by the fact that the spent slag 
is a Valuable raw material for the cement indus- 

Phe effect of aluminum additions on inelusions 
was summarized in a note published in the January 
1939 issue of Metal Progress, p. 68 


fpril, 1919: 


try.) These new slags, the analysis of which will 
run around 3° SiO., 43° ALO,, 
less than 1° 


530 CaO, and 
FeO, represent only one group ot 
many employed in the Perrin process, but they 
are recommended especially where good general 
results are sought that is, a combination ot 
desulphurization, cleanliness, fine grain, and good 
mechanical properties. 

Introduction of aluminum into the steel from 
the slag is shown indirectly by the fact that even 
without any final direct addition of aluminum, one 
obtains metal with a fine MeQuaid-Ehn grain size 
The aluminum so added by the methods employed 
at Ugine amounts to 0.005°) or slightly more 
Further, if increasing quantities of aluminum are 
added to a series of ingots as they are cast in the 
mold (a practice that is not highly favored because 
it ordinarily tends toward dirty steel), it is found 
that the cleanliness number of visible inclusions 

is not affected even in those ingots with large 
aluminum additions. This Ugine-Perrin method, 
therefore, offers a precise means of controlling the 
final aluminum content of the steel and the prop 
erties that depend on it 

These new slags were tried at Ugine for the 
first time in 1938 on a nickel-chromium steel for 
ease hardening Clean, fine-grained steel was 
obtained, and in addition it was found that the 
reaction between the extra silicon in the steel and 
the slag was such as to lower the sulphur consid- 
erably after short periods of the order of one 
minute) provided the alumina and lime content ot 
the slag was properly adjusted. These new slags 
were quickly adopted at Ugine and elsewhere 

Perrin likewise defined in his patents the 
group of conditions necessary and adequate for 
good desulphurization by molten slags, dealing 
generally with the basic slags. If | speak particu- 
larly in this article of slags with high alumina con- 
tent, it is because these are the ones that give the 
best results from several different points of view 
desulphurization, deoxidation, cleanliness, and the 
qualities of the finest steels 

It is perhaps worth while to describe some 
specific examples of desulphurized steels in view 
of the importance of low sulphur content on a 
number of quality factors. [I will intentionally 
choose some results obtained in steel plants othe: 
than at Ugine, in Table 1 (p. 478), to illustrate the 
reproducibility of the process 

These few examples in Table I illustrate the 
extent of the desulphurizing action, even in the 
extra mild steels. At the same time the oxygen 
contents will be of the order of 0.002 to 0.005 
with corresponding cleanliness, even in steels with 
a 6 to 8 grain size and whether they come from 
an openhearth or electric furnace. The number ot 
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inclusions is low in count; the sulphur inclusions 
are naturally low. As for oxide inclusions, they 
are almost exclusively found as small isolated 
grains of alumina to the exclusion of strings or 
clusters. 

The Ugine-Perrin process is, then, a powerful, 
rapid, automatic method of deoxidation and 
desulphurization. It allows the production to start 
with an openhearth furnace and ends with a steel 
equal from every point of view to those produced 
by electric furnaces. The most important practical 
problem is the general condition and the correct 
temperature of the steel so that the minimum 
amount of slag will be carried from the furnace 
with the steel and pass into the special slag, and 
especially at the beginning of tap. Steelmakers will 
have to appraise this new process in the light of 
their own particular problems, taking due account 
of the types of furnaces they have, the economic 
conditions at their plant and the customers’ 
requirements for specific steels. 

It is important to repeat that the results 
described above have been confirmed by the pro- 
duction of many hundreds of thousands of tons 


Table I— Analyses of Steels With Very Low Sulphur 


Low-Carbon Steels 


As far as extra mild steels are concerned 
(sheet steel in particular) one can say that trans- 
verse tensile tests give results almost as good as 
longitudinal, which is of particular interest for 
the stamping industry, and appears to justify the 
excellent results obtained in this field. By way of 
example, 20-gage sheets (0.039 in.) box annealed 
at 1250° F. and slowly cooled, produced at North- 
east (Valenciennes) from basic bessemer steel 
poured into slag gave the following transverse 
results (test pieces are 30 mm. wide with 42-mm. 
gage length): 

Herat No. ULTIMATE YIELD 
5853 46,600 psi. 
5856 15,600 
5875 52,200 


ELONGATION 
31,400 psi. 50.0% 
30,400 16.6 
37,200 44.4 

The average Mesnager impact of 10 different 
heats of such steel, taken in the transverse direc- 
tion of %4-in. plate, annealed in a continuous fur- 
nace was 21.8 kg-m. per sq.cm. whereas the 
average in the longitudinal direction is 21.9. 

These results show how well the 
Perrin process may be adapted to the 
effective desulphurization of extra- 





ELEMENT 


MN Ni WwW P BEFORE 


Steels Made in Electric Furnaces 
0.28 | 0.27 | 0.48 4.2 1.36 0.016 0.037 


0.09 0.39 | 0.53 ().22 0.010 0.014 0.036 
1.00 0.15 | 0.40 1.55 0.010 0.016 


Steels Made in Basic Openhearths 
0.62 0.15 | 0.41 0.025 0.020 
0.38 0.26 | 0.52 0.029 0.030 
0.125 0.26 |) 0.89 0.044 0.050 
0.83 | 0.31 > 0.52 046 Mo 2.46 0.017 0.033 





SULPHUR CONTENT 


AFTER 
PERRIN SLAG PERRIN SLAG 


mild steels, even with carbon contents 
of 0.03 to 0.05%. 

Along these lines, Perrin and 
Jolivet, starting with the idea that 
pure iron of the Armco type can be 
005 
006 
005 


rolled without special precaution if 
the sulphur content is low enough, 
produced heats of steel with 0.03% 
carbon and 0.008% sulphur which 
008 ° 
po showed no brittle range whatsoever. 
‘012 The ingots were rolled to blooms, flat 
008 bars and sheets under the same con- 








in several processes and plants. 

This note is too short to discuss the direct or 
indirect effect of oxygen or sulphur on steel. It 
will suffice to state simply the facts acquired by 
experience: Such steels of very low oxygen and 
sulphur content and very good cleanliness have 
excellent impact properties, especially in the trans- 
verse direction (see Tables If-a and II-b). The 
same is true for elongation and contraction of area 
in the tensile test. The general trend of trans- 
verse properties approaches the longitudinal prop- 
erties of openhearth steels containing the usual 
amounts of oxygen and sulphur. 

On the average the transverse impact proper- 
ties are twice that required in the corresponding 
specification, and the hardness is much higher. 


ditions as ordinary steels. 

This new development in mild 
steels has been given special attention at the 
Forges et Aci¢ries du Nord et l'Est at Valenciennes 

Northeast). 


bessemer converter, has been given the name 


This steel, produced from a basic 


Ugiperval” (an abbreviation for Ugine-Perrin- 
Valenciennes), and has the following nominal 
composition: 0.08 0.05% C, 0.15/0.25% Mn, 
0.015 /0.025°. P, 0.008 0.0175 S. These steels are 
sold for the same purposes as Swedish iron, and 
for the many other uses known to the American 
trade in ultra-soft steels. 

Since Northeast, in cooperation with plants in 
Denain and Anzin under a new company name 
“Usinor”’, is building a new continuous strip mill, 
every effort is being made to develop the produc- 
tion of deep drawing steels and body sheets 
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starting from the basic bessemer converter a poorer surlace or lower weldability) are being 
problem that is significant from the French and overcome because the process controls the residual 
European point of view. Important tonnages of aluminum content. 
‘-ton ingots have been rolled without any trouble It seems a fair statement to say that effective 
on continuous mills in one large European steel research and scientific development have solved a 
works at speeds comparable to those used for problem heretofore unsolved in our country the 
openhearth steels. When used for very difficult production and fabrication of high quality sheet 
deep-drawing work, these sheets have given par- steel, rolled from basic bessemer ingots on con- 
ticularly good results. Strain aging is much less tinuous hot and cold mills Naturally I can 
noliceable than in openhearth rimming. steels; describe only European developments and _ these 
may not correspond to American conditions. I 
Table Il-a — Analyses of Ugine-Perrin Steels Made can only describe by way of example particular 
to Meet Aviation and Ordnance Specifications applications of the general method of deoxidation 


- and desulphurization. I feel, however, that pro- 
Heat No. ; Si MIN Ni 1} Cr Mo S 





duction of low-carbon steels low in oxygen and 
Ni-Cr-Mo (Electric) Steels for Aviation Crankshafts sulphur (approaching pure iron) by a process 
37.359 0.27 | 0.18 | 0.65 | 3.07 1.21 | 0.58 10.007 adaptable to any steel refining furnace, whether 
37.371 0.26 | 0.21 | 0.56. 2.99 1.23. 0.56 0.004 converter, openhearth or electric, cannot fail but 
37.380 0.27) 0.23 | 0.53 | 3.07 1.28 | 0.52 | 0.004 be of general interest. 

Ni-Cr (Electric) Steels for Case Hardening It is noteworthy that the Ugine-Perrin process 
37.031 0.13 ! 0.23 | 0.30 ! 2.78 0.72 0 '0.009 has invaded the field of plain carbon steels when 
37,041 | 0.12 | 0.35 | 0.31 | 2.88 0.72 0 0.009 it had been developed originally for high quality 

Cr-Mo (Openhearth) Steel for Ordnance alloy steels. As to the latter, it is advantageously 
22,468 | 0.33 | 0.31 | 0.52 | 0.017 P | 2.46 | 0.45 | 0.009 applied as a supplement to the electric furnace in 
j j 











the production of nearly all compositions of spe- 

cial steels, except stainless steels for which the 

this is measured by the per cent increase in alumina slags are not well suited 

strength after straining 5° and annealing 15 sec. 

at 660° F. Comparing steels of the same analysis Furnace Logs 

C, Si, Mn, P and S) the values follow: Perrin 

process steel sheets 15% ; openhearth sheets 20 to To give an idea of the rapidity with which the 

25°; basic bessemer sheets 27%. new process works, I can cite three examples of 
This parallel application of the Perrin proc- Ugine’s methods where a small 500-kw. slag fur 

ess in the production of openhearth rimming steels nace supplies a modern three-phase electric fur- 

and basic bessemer killed steels is an interesting nace of 25-ton capacity, fed by a 10,000-kw 

development. ‘To me, the most significant possi- transformer. The logs of the heats show the total 

bilities seem to lie in (a) the production of extra elapsed time is about 3 hr. The accompanying 

mild steels, with carbon 

contents of the order of 

0.03 to 0.05° and neg- 

ligible strain aging; (b) 


Table Il-b — Tensile and Impact Values 





r p MESNAGER 
—_ > ENSILI ROPERTIES , 
obtaining ingots of good : Impact VALUES 
bta : “4 ei Heat No., QUENCH*® | TeMpen 
homogeneity wherein 
variation in carbon and 
sulphur, top to bottom of 37,359 1600° F. | 1110°F.) 165,000 psi 1.5% 16.1 9.31 
371 1600 1110 162.000 of 17.4 9.9 
380 1600 1110 160,000 2. 10.2 
7,031 1600 180 182,000 ' 8.1 
1600 1110 140.000 12. 22. 15.1 
and (c) good deep draw- 37.041 1560 180 160.000 Q. 16 10.5 
ing properties, leading, in 1560 1110 136,000 13. 22.! 17.0 
specific instances, to the 


ULTIMATI ELONGATION LONGITUDINAL! TRANSVERSE 


a 9-ton ingot, is about 
the same as the error of 
the analytical methods; 


( 125,000 ( 12. 10.0 
use of one draw where jto 136,000 }to 15.7 jto 13.1 
two had been required Specification Requirement: 102,000 12. 6.0 


22,468 1700 1200 











previously. Likewise, *All steels oil quenched. 


complaints previously Tensile test piece 13.8-mm. dia., 100-mm. gage length. Impact test piece 


made about aluminum- (Mesnager type), 10x10 mm., 2-mm. round bottomed notch 
killed steels (for example, tUnits are kg-m. per sq.em. 
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Fig. View on Charging Platform of Open- 
Top. Single-Phase Furnace for Melting Slag 





views, from photographs taken by Reneé Castro, 
chief engineer, Acieries d’Ugine, show the opera 
tions in progress. Tt may be mentioned that the 
actual temperature of the steel bath at time ot 


lapping is carefully controlled 


l \ heat of nickel-chromium-molybdenum 


steel for aireratt 
O50 Min, 0.65 Ni, O.SO Cr, 0.25 Meu 


Composition aimed at: 0.20 C, 


22:35 End of the preceding heat 
hearth 


reparrin 
adjustment of the clectrodes, charging cold 
serap 
22:55 Current on 

0:31 Samples taken to laboratory for nickel 
nd chromium analysis 

0:45 Slagging off iddition of 
lickel, Chromium and molybdenum 

1:15 Tapping by pouring into slag 


Potal elapsed time 2 hr. 400 min 


2. A heat of ball-bearing steel starting with 


cold carbon steel se rap ind ferro-alloy: 


Current on. 
Samples to 
inalyses 


Slagging 


laboratory for niekel 


off on extra mild steel 
7 Recarburization with anthracite 
7:15 Samples to laboratory for analysis 
carbon and manganese 

Vito Final cadditio 
ferrosilico 


7:00 Poured int 


Potal elapsed ti 


3. A heat of bearing steel (remelting bearing 


steel serap 


0:30 End of preceding heat, repairing he: 
adjusting electrodes, charging. 
200 Current on, 
2:35 Samples to laboratory for analys 
carbon and nickel 
2:50 Slagging off. 
3:05 New samples to laboratory for analysi 
of carbon, nickel and manganese 
3:25 Addition of ferrochromium and fers 
silicon 
$:45 Poured into slag 
Potal clapsed time: 3 hr. 15 min 
These logs, which give a faithful record of the 
progress of an electric furnace as practiced al 
Ugine with the Perrin process, show how rapidly 
this operation can be earried out with a 2o-ton 
furnace, even when making special steels which 
must satistw the strictest specifications 
As fas 


furnace is concerned, the advantage is not to cut 


as its application to an) openhearth 
production time but to obtain improved quatity 

that is, to produce steels with low sulphur and 
oxygen contents comparable on every score ot 
cleanliness and mechanical properties with steels 


processed from the electric furnace The only 








Fig. 2. Slag Furnace Discharging a Melt 
Into the Mixing Ladle. 


is a spare furnace shell with slag runner 


It right foreground 
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problem in the openhearth plant is to keep the 
with th 
This 


pl ‘cautions 


slag from running out of the furnace 


metal and mixing with the Perrin: slag 


has been solved, thanks to various 


such as rabbling clean, using a properly shaped 


tap hole and a skimmer on the runnet 


Use for Ferro-Alloys and 
High-Alloy Steels 


Perrin has applied his principles to the pro 
duction of certain ferro-alloys, not only for obtain 
ing high vields from raw materials but at the same 
time for making alloys with a low carbon content 
by a fast reaction An example of this application 
is the production of ferrochromium from chrome- 
silicide without ever having the metal in contact 
Thus, the Ugine Works 
produces ferrochromium 
0.03 


with carbon regularly 


with carbon by 


In summary, it said that 


process, as exploited primarily at 


may be Perrin’s 


Acieries Kle 
triques d’Ugine, and now in 


operation at other 


notable French works, is able to produce alloy 


steels from openhearth metal which are 
quality to the best 


electric furnace practic 


even superior in cleantiness and lower in sulphur, 


oxygen and hydrogen. Likewise, when starting 


with basic bessemer steel, low-carbon steel for 


deep-drawing sheet can be produced, almost: void 
of directional properties, and equal in drawability 
lo rimming openhearth steel These results are 
had by merely pouring or teeming the molten steel 
at the correct temperature (from which previous 
slag is carefully separated 
tenth the 


compounded — and 


into a ladle containing 


about con weight of a slag. 


Spec ial 


melted ina small 


shaft furnace re 


separate 


electric 





this method. At the Mou 


> 
u 
tiers plant a ferrochro Fig. 3 


mium furnace and oan 


electric steel furnace are 


Finish 


Prepared Slag. Photos by René Castro, chief engineer, 


Pour, Steel From Electric Ladle 


Furnace Into 


of 


lciéries d'l gine 





synchronized (as has 
already been described 
by R. Perrin in’ Revue 
de Metallurgie tor July 
I46, p. 185) and 


larly produces 18-8 stain- 


reLu- 


less steel with carbon 
in the 


0.08 ° 


neighborhood of 
Steel of 


analysis requires neither 


this 
titanium nor columbium 
for “stabilization” 

that is, its corrosion re- 
sistance is unharmed by 
shorter o1 heat- 
ings within the 750 to 
1200° F. 


range In 


longer 


temperature 
addition to 
this economy in alloying 
better 
surface is obtained. 


elements, a ingot 

This method of pro- 
ducing high grade stain- 
less steel has proven so 
successful over a number 
that it) has 
current 


ot vears 
become practice 


with Ugine. Greatly in- 


creased capacity is now 


being installed 
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CRITICAL POINTS 





The Navy’s Researches in 
Metallurgy 


iF OW times have changed! When the Editor 

made his first trips to Washington, late in 
World War I, the research work done by the U. S. 
Navy was sketchy in the extreme. Of course full- 
size testing of heavy ordnance and armor had been 
going on at Sandy Hook proving ground for 
several decades, but any laboratory work at the 
vards and factories was of the plant-control and 
trouble-shooting type. Congress had not yet appro- 
priated money to build the “laboratory, complete 
with shops and engineering facilities” recom- 
mended by Thomas Alva Edison and the Naval 
Consulting Board. The Naval Research Labora- 
tory at Anacostia, down the Potomac from Wash- 
ington, was not built until 1923, and it was there 
that A. Hoyt Taylor and Leo C. Young, experi- 
menting with high-frequeney radio, observed 
echoes from a ship peacefully moving down the 
Potomac. It required a decade of development 
work by the small staff to produce the first prae- 
tical radar. 

Contrast this with the situation after World 
War II: Naval Research Laboratory has grown 
to a group of buildings as large as a state univer- 
sity. Its job is still to study the applications ot 
basic science to the specialized needs of the fleet 
Thus its funetions are much broader than those 
of five other equally important institutions main- 
tained by the Navy’s Bureaus for perfecting the 
actual equipment such as the Naval Ordnance 
Laboratory at While Oak, Md., the Bureau of 
Ship’s David Taylor Model Basin for studying hull 
shapes and designs at Carderock, Md., and the 
Engineering Experiment Station at Annapolis. 

But an even more fundamental change has 
come over the Navy’s attitude than the mere 
expansion of its own facilities, enormous though 
that may be. It has recognized that Americans 


By the Editor 


are Without equals in the application of scientific 
principles once they are discovered but have 
discovered very few of these fundamentals. So 
the Office of Naval Research has for three years 
been sponsoring a long-range program of funda- 
mental researches in all branches of science, from 
mathematics to psychology, including metallurgy. 
This work is being done in universilies, private 
research institutions, hospitals and = industrial 
laboratories, literally from one end of the country 
to another. Contracts are written wherein the 
Navy recognizes that scientific discoveries by 
both scientists and graduate students require 
considerable time in adequate working conditions, 
unhampered by security restrictions or outside 
domination; it therefore attempts to create such 
a favorable atmosphere by furnishing some of the 
necessary money. The actual subjects for study 
are usually proposed by the investigator, not the 
Navy. Likewise, the only string the Navy has on 
this work is the stipulation that the results must 
be made public. In the last fiscal vear 1131 of these 
sponsored contracts were operating (including 35 
in metallurgy) and the Navy's share of the entire 
cost was about $20,000,000. What does Uncle 
Sam get out of it? At the very least a reservoir 
of scientists who have become familiar with the 
Navy's fundamental problems; if luck is with us, 
a considerable addition to basic knowledge whose 
eventual usefulness is certain, even though it can- 


not be appraised in dollars and cents. 


In visiting the Navy’s metallurgical labora- 
tories at Anacostia, Washington, and White Oak, 
the Editor was especially stimulated by talking 
with energetic young men, section heads, most of 
them rather recent recruits from universities and 
industry. As may be surmised from the pre- 
ceding account, the Naval Ordnance Laboratory 
is concerned with perfecting guns, missiles, tor- 
pedoes, rockets, bombs, mines, fuses, fire control, 
detection, range finding and guidance devices. 
The Editor sensed that in most of these there is 
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a pronounced trend away trom rather delicate 
electron tubes and complicated circuits toward 
simpler arrangements of rugged magnets. Hence 
the extraordinary magnetic laboratories at White 
Oak (briefly described in “Critical Points” for 
January 1945). A recent development in magnetic 
materials was also explained: A grain-oriented 
90-50 iron-nickel alloy 
5000" 
onol”. 


the German “Permenorm 
has been perfected and renamed “Orth- 
Its improved properties are due to metic- 
ulous care in the melting under high vacuum of 
purest iron and nickel obtainable, further decar- 
burization and deoxidation by annealing in really 


pure hydrogen, and alternate rollings and anneal- 
ings to line up the metallic crystals in one 
direction. Its advantages were explained to the 
Editor, but his knowledge of electricity and mag- 
netism is of the most elementary; nevertheless, he 
gathered that it will vastly improve alternating 
current rectifiers and most servo-mechanisms. To 
impress such as he, the boys in the laboratory 
had fixed up a Rube Goldberg containing a photo- 
cell wired to an arrangement of Orthonol coils 
about as big as an alarm clock, a motor driven 
blower, an electric sign, and a wall outlet. When 
a match was lit nearby. the electric sign instantly 
flashed “No Smoking”, and the fan blew out the 
match! The amplification of current from photo- 
cell to electric motor, they said, was about two 
billion times. One might guess that a thing like 
this would have some use in a homing missile 
that would guide itself toward a lighted area. 

Another new idea under development stems from 
the French discovery that a particle of pure iron 
of sufficient fineness (say 0.01 micron, on the 
order of size as the magnetic “ 
theorists 


domain” of the 
is about as good a permanent magnet 
as Alnico containing 13° cobalt. All that is 


necessary is to find out, first, how to manufacture 
uniformly fine powder and keep it pure and 
unoxidized; second, how to compact this powder 
(pure powders, mineral or metal, do not stick 
together very well under pressure); and_ third, 
how to sinter it into coherence without destroying 
its fine-grained nature. The advantage of such 
an innovation in magnet construction is obviously 
the saving of cobalt, a highly strategic metal. 

Returning now to the more general metallur- 
gical researches under way at the Naval Research 
Laboratory in Anacostia, the visitor gets the 
impression that they are headed toward extreme 
conditions, far beyond those met ordinarily in 
industry and lence not very likely to be studied 
elsewhere. For example the depth to which a 
submarine, bomb or torpedo can operate depends 
on the yield point of the shell, so the fabrication 
of alloys of maximum yield point is being looked 
into. The tensile stresses in a welded joint when 
hit by a projectile are two-dimensional and of 
very high velocity — combinations rather rare in 
peacetime applications; much needs to be known 
about the initiation and propagation of cracks as 
affected by steel composition and microstructure 
and welding techniques. Again, studies on the 
effect of small amounts of alloys and gases on 
the brittleness of iron involve the preparation of 
iron of highest purity and the measurement of 
properties under extreme variations of temper- 
ature and strain rate. Thus, the metallurgy divi- 
sion at Anacostia carries out investigations in all 
fields of metallurgy of interest to all branches of 
the Navy, concentrating on problems which will 
add fundamental information, and so make metal- 
lurgy more of a science. 


Heat Treater on Parnassus 


LURB received with the new book by old-time 
heat treater W. R. Bennett, entitled “Common 
Sense in Steel Treating” 


Perhaps some of the things we Steel Treaters need, 
Are a few of the hints we do well to heed. 

We must know our steel, that’s essentially smart, 
For minus this asset, we're licked at the start. 
rhere’s another prerequisite this subject requires 
\ possession of knack as to how to run fires. 

Seale is another hazard to shun, 

If we want a good job when it’s finally don 


When quenching the steel, we must bear in mind facts 
Withdrawing it cold will bring about cracks. 


Just one more suggestion, before it’s too lat 

If a piece is quenched crooked, it can’t come out 
straight. 

All of these kinks one must surely acquire, 

If one wishes to do a good job at the fire. 
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SELECTION AND 





HEAT TREATMENT 





OF CUTTING TOOLS 





ry 

—_ ARE so many contrib 
uting factors to the ultimate success or failure of a 
xiven tool that vears of experience lead the success- 
ful tool engineer or metallurgist to be somewhat 
more humble in appraising his accumulated knowl- 
edge. Those who, in pride, assume the one-way 
approach must too often attempt to explain their 
failures! A few of the many variables that influence 
the decision are the design of machine tools, their 
state of repair, rigidity, method of tool holding, 
requirement of accuracy in finished product, varia- 
tion in hardness, structure and surface of material 
being fabricated, allowable variations in tool design 
and workmanship, heat treatment, surface treat- 
ment, skill of the mechanical operator, and even 
the psychology and prejudices of the tool designer, 
All of these and 
probably many more factors have to be added to 


the skill of the toolsteel-maker before a successful 


heat treater or machine operator 


tool becomes a reality 

The picture in reality is not altogether an 
unscientific one. There are sensibly broad prin- 
ciples. We can sately say that practically all twist 
drills used on high productivity drill presses are 
made of high speed steel. A litthe more caution 
is in order before we say just what kind of high 
speed steel, but we have at least narrowed the field 
to a related family of toolsteels. The same is true 
of taps, reamers, hobs, milling cutters, and similar 


tools as long as the speeds and feeds at which 





By Norman I. Stotz 
President 
Braeburn Allov Steel ¢ 
Bracburn, Pa 





they are used fall into the high productivity class 
And vet, if you were to go to a hardware store 
today to buy a 's-in. twist drill for the hand-ted 
drill press you have in your home-hobby basement 
toolroom, the odds are that you would go home 
with a straight carbon toolsteel drill 

In order to relate this discussion of tools to 
toolsteels, | have arranged a tentative classification 
of the most widely used steels. It is shown on 
page 486, and is presented for the purpose of easy 
reference to the subject matter under discussion 
in this paper and a subsequent one on tools for 
hot work. Items which are in parentheses are 
meant to be approximate or optional. Many other 
variations or even different compositions exist, but 
90 to W of the tools made today are made from 
the types actually shown on this list 

Likewise, it seems sensible to classify cutting 
tools and to deal with them as broad classes. [ will 
likely omit some odd types of tools, but the general 
discussion will develop broad principles that can 
easily be applied to any type. The metal cutting 
tools are as follows: 


1. ‘Taps >. Mills, hobs 
2. Threading tools Form tools 
(chasers) Broaches 

3. Drills : Single-point 


4. Reamers lathe tools 
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Hot Hardness 


No heat treated high speed tool has 
uny great degree of “toughness” at a 


Rockwell hardness of C-60 or above. By 


Whatever method this elusive quality is 
evaluated, the actual figures are low. 
Elongation and reduction of area in a 
tensile test (the often-used criterion of 
“ability to absorb energy before rupturing” 
are nil; while impact, torsion impact and 
bending tests will develop values, the fig- 
ures Will vary in a low and narrow range. 
Even so, within this narrow range we may 
make a tool which is either worthless or 
Valuable, depending on the selection of the 
steel, the tool design, the heat treating 





The author is well known to American metal- 
lurgists and tool engineers from a lifetime of 
manufacturing high-grade toolsteels and promoting 
their use. He originally formulated a widely-used 
steel for die casting dies, and (with Howard Scott 
of Westinghouse Electric) the 5-1-1 chromium- 
molybdenum-carbon hot work steel. He has spoken 
before many @ chapters; this article summarizes a 
wealth of experience on how to avoid troubles in 
cutting tools arising from improper selection of 


tvpe and careless heat treatment. 





cyeles, and the method of setup in the 
toolholder. 

“Hardness” of cutters presents a dual 
concept. We speak of the “hardness at room 
temperature” and also of the “hot hardness”. Both 
are extremely important to any one tool, but they 
are not necessarily related. A high hardness at 
room temperature does not mean a high “hot 
hardness” at the working tip, nor does a low “cold 
hardness” mean a low “hot hardness”. 

As far as I know, the true meaning of hot 
hardness has not been clearly defined. An experi- 
enced metallurgist will admit some degree of per- 
plexity on this point. Long before metallurgists 
were able to make accurate static hot hardness 
tests, we knew in general that this useful property 
was enhanced by adding cobalt to the toolsteel’s 
analysis. Even greater results could be had with 
cobalt, plus vanadium, plus carbon. Many variations 
in the proportions of these three elements exist 
in both the tungsten and the molybdenum high 
speed steel families (Classes A and B of the table 
Static measurements of hardness of heat treated 
tools at supposed working temperatures give higher 
numerical results for these “superalloy” toolsteels 
over the cobalt-free types, but if they are not called 
upon to meet extreme conditions of service they 
rarely do any better work than the less expensive 
standard types. The measured hot hardness of the 
molybdenum high speed steels is generally lowe 
than that of the equivalent grades in the tungsten 
family and vet, during the height of the war 
production no tools made of the properly selected 
and properly heat treated molybdenum high speed 
steel failed to hold their own with their equivalent 
steels in the tungsten family, and often they did 
measurably better. 

I believe that hot hardness, measured statically, 
tells an incomplete story. The dynamic conditions 
of a tool tip at work cannot be reproduced in a 
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stationary test Unsolved questions are of this 


nature Is it possible that some high speed steels 
have greater resistance against breakdown at lower 
hot hardness? Is the fime required to lower the 
hot hardness of more importance than the actual 
hardness value itself? Is not chipping at highet 
hardness often misinterpreted tor abrasive weat 
Are not irregular surface conditions primarily 
responsible for failure of tools by “burning”? 

The truth is that we have not as yet, in tool 
and toolsteel practices, devised any safe assurance 
that one type is superior to another except by 
actual service and production tests. Ingenuity and 
experience serve us in good stead as a guide, but 
they are not vet reduced to either laws or formulas 

I wish to re-emphasize that highly alloyed high 
speed toolsteels are not justified unless the service 
demands them; furthermore, unless they are care 
fully heat treated in a narrower temperature range 
such steels always fail to return full value for thei 
expensive alloy content 


Relation of Structure to Performance 


It is the writer’s belief that we have much to 
learn from the cataloging and study of the struc 
tures of hardened high speed steel as related to 
specific tool applications. If successful tools that 
have earned their way are not studied, we have a 
very incomplete picture. We look too casually at 
the structure of the tools that fail, and often close 
the docket if we locate a trace of a condition that 
tradition says is harmful How often the same 
thing can be seen in a tool that has heen called 
eminently successtul! 

When the steel has proper chemistry, sound 


ness, cleanness and carbide distribution, | believe 
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there is a proper combination of intercept* grain 
size and martensitic needle structure to suit each 
tool and each application. I further feel that there 
is a proper heat treatment to attain this, although 
such heat treatment may vary slightly with each 
melt of toolsteel. We do not know yet the exact 
end point for which to aim. We therefore have 
much basic data to collect and study. We do know 
that coarse grain and coarse martensitic needles 
lend brittleness at high hardnesses, but with proper 
mechanical tool support such structures at high 
hardnesses often make outstanding single-point 
lathe tools. Maintaining coarse grain and refining 
the martensite, or refining the grain and retaining 
coarse martensite, represent two means of increas- 
ing toughness (when the working stresses demand 
such increases) without greatly reducing 
the actual hardness. 

Generally speaking, fine grain size and 
fine martensitic needles give the greatest 


temperatures that require high speed toolsteels, a 
large proportion are now made from such steels 
as Class A-1 and 2, and Class B-1 and 3. 


For hand taps 


Super 
high speed steels are seldom used. 
and dies) several low-alloy types are popular, 
such as Class E-5 or even Class F-5. These steels 
are hardened in oil, to prevent warpage of the 
pitch of the threads 

Taps and dies made of molybdenum high speed 
steels require careful handling in the high heat 
furnaces to avoid decarburizing the crest of the 
delicate teeth 
sten high speed, although many successful taps are 


This requirement has favored tung- 


being made from those varieties that are able to 
meet the hardening requirements 
Taps are manufactured by two distinct proc- 


General Classification of Toolsteels by Analysis 


Figures in parentheses mean optional elements 





toughness. Here, again, this condition can 
be aimed for without necessarily reducing 
the hardness values, even though a lower 
hardness is sometimes desirable. Tools 
such as taps and drills, subject to severe 
torsion and by their nature relatively 
slender in design, require these structures 
to avoid excessive breakage. Between these 
two extremes are all types of possible 
structures which can be obtained by care- 
ful and thoughtful consideration of the 
ability of the tool to stand up to the 
service required of it. 

If the metallurgist sacrifices as much 
toughness in favor of hardness as is prac- 
tical, he will generally get the best cutting 
results in the machine shop. 

Unfortunately, we have no easy means 
of evaluating the martensitic structures, 
but we can indicate the general range of 
intercept grain size which gives optimum 
results for various types of cutting tools 

other conditions being simultaneously at 

optimum value 
Too. Types INTERCEPT GRAIN SIZES 

- Taps 16 to 20 

14to 18 

14to 18 

15 to 20 

12 to 16 

10 to 15 

10 to 13 

Stoll 


Chasers 
Drills 
teamers 
Mills, hobs 
Form tools 
Broaches 
Lathe tools 


Taps represent an unusually interesting G 
type of tool. 





*See p 417, @ “Metals Handbook”, 1948 edition. 
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CLASS 


PUNGSTEN HiGgu Speep STEELS 


MOLYBDENUM HIGH SPEED STEELS 


Hor Work STEELS Hicgu Speep Types 


HigH-ALLoy Die STEELS 


INTERMEDIATE-ALLOY Types For II 


Low-ALLoy Types 


F-1 
F-2 
F-3 
F-4 
F-5 


Despite the fact that their G-1 
cutting edges seldom, if ever, reach the G-2 
G-3 


MN Si W Mo 


0.72 18.00 100 1.10 
0.82 18.50 (0.75) $1.25 2.10 
1.10 18.50 4.25 3.25 
0.74 18.00 (0.75) 1.00 1.10 5.00 
0.76 18.50 1.00 1.50 1.10 9.00 


O80 1.50 8.50 3.75 1.10 
0.82 8.00 3.75 2.00 
0.82 6.25 5.00 4.15 1.85 
0.80 1.50 8.50 1.00 1.25 


0.35 11.50 
0.30 9.00 | (0.25) 3.25 0.35 
0.30 10.25 | (0.30) 3.00 0.20 

5.00 (0.25) 5.00 0.20 


(0.25) 3.50 0.35 


2 12.50 0.60 
1.50 0.80 12.00 0.80 
1.50 0.80 12.00 1.00 
1.30 


3.50 25) (0.25) 


: COLD WorRK 
0.35 1.00 Zz . 5.00 0.35 
0.38 1.00 Py 5.25 1.00 
1.00 a 5.25 0.25 
0.45 au 23 40 0.25 
1.20 6 50 0.20 


0.95 | 1.25 ! 0.40 § 0.20 
0.95 1.65 | 0.25 (0.25) 
0.52 0.30 1.00 0.60 
1.10 0.40 0.20 (0.40) 
1.20 O85 0.20 (0.60) 


AKBON TOOLSTEELS 
0.30 | 0.30 
0.30 = 0.30 0.20 
0.30 0.30 20s (0.20) 
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esses. The first, known as the cut-thread method, 
machines the thread in the soft blank and allows 
a Slight oversize for subsequent grinding to final 
size after hardening and tempering. It is this type 
that requires especially alert heat treating. The 
second, known as the ground-thread method, starts 
with a solid blank heat treated and tempered, from 
which the teeth are ground. This method eases the 
heat treating problem, but it requires special grind 
ing techniques to prevent softening of the tooth’s 
crest from the heat developed in grinding. It is 
now well known that a different grinding technique 
is required for molybdenum high speed steels than 
for the tungsten types 

Because of the torsional stresses developed in 
service and the delicate nature of the cutting points, 
taps are usually hardened to relatively fine grain 
sizes, and fine to medium-fine martensitic struc 
tures Only under caretully controlled operating 
conditions can maximum hardnesses be used suc 
cessfully in production shops. 

Chasers Much the same general comments 
made about taps apply to chasers for both internal 


and external threads, except that flat chasers are 
usually well enough supported to allow somewhat 
higher hardnesses and slightly coarser grain sizes 
These tools are meeting much competition from 
a related class of tools known as thread rolling 
dies which are made in both the flat and cylindrical 
form and actually produce the thread by squeezing 
or pushing the metal into the thread form rather 
than by cutting.) The use of high speed steels, 
such as Class A-1 and B-1, and the high-alloy type, 
such as Class D-2, is being largely superseded by 
intermediate alloy like Class E-3 which air hardens 
with a minimum loss of pitch and has enough wear 
resistance and secondary hardness to offer com 
petitive service 


Drills and Reamers 


Drills and reamers present somewhat the same 
problems sjoth are relatively slender tools with 
fine cutting edges and are subject to severe tor 
sional stresses in service. Both are made in a 
variety of designs, especially in the flutes and the 
degree of the spiral, depending on the kind 
of material to be cut. Drills require steels 





Photo courtesy Research Laboratory, U. S. Steel Corp. 


with the best center structures possible, 
because of the heavy service required of 
the point in starting the hole. 

Chip clearance for drills is important 
because the metal that has been cut must 
lind its way out along the flutes. Many of 
the surface treatments have been found 
useful in this respect because they reduce 
the friction on surfaces over which the 
curl or chip must move 


Power driven drills and reamers are 


made trom a wide variety of high speed 


steels, although the high-alloy types are 
restricted to special applications. Class 
\-1 is the most popular of the tungsten 
high speeds, although Class A-2 has sub- 
stantial use. Other than hack saws, the 
first tools made on a production basis from 
molybdenum high speed steels were twist 
drills made of Class B-1. This is still the 
most popular type, although many drills 
are made from Classes B-2 and B-3 


Milling Cutters 


Hobs and milling cutters are made in 
such a wide variety of shapes and _ sizes 
that an entire chapter could be devoted to 
them Every one of the steels listed in 
Class A and B is used in this large family 
of tools: the factors that lead to the 


selection of any particular steel are too 
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varied to be given here in detail. The majority 
are made from Class A-1 and Class B-3. 

There are several interesting points especially 
pertinent. Except for very small tools, it is best 
to make hobs and milling cutters from upset forg- 
ings, rather than from bar stock. Forging insures 
better carbide refinement and distribution: in addi- 
tion, the “grain” of the steel is curved by proper 
upsetting so the axis of the grain bands ts not 
parallel to the cutting edges. This is helpful in 
preventing microscopic cleavage at the cutting 
edges of the tools. 

Machining of hobs is important. Reasonably 
soft anneals are desired for the rough machining, 
but for the final smooth machining and backing off 
operation it is necessary to harden the tools par- 
tially. This is often done by oil quenching from 
about 100° F. and tempering at 110° F. to produce 
about Rockwell C-35 hardness. In this condition 
the partially machined blanks ean be backed off 
and finished with the smooth surface required 
Such finishing treatment, as well as the heavy 
machine work, produces a strained condition at 
the surface so that stress-relief is highly recom 
mended before proceeding with the regular harden- 
ing operations.  Stress-relief usually consists of 
thorough!y heating at 1200° RF. and cooling in air 

Tools of this type can often be hardened to 
maximum Rockwell hardnesses, relatively coarse 
grains and relatively coarse martensitic needles 
provided the design does not involve long slender 
teeth with relatively weak roots. Properly designed 
fillets at the roots of the teeth add strength for 
severe service 

Form tools, either Mat or circular, also lend 
themselves to the use of higher alloy twpes of high 
speed steels Classes A-2 and 3 are) popular, 
although Class A-38 is quite difficult to finish-grind 
in the heat treated state. The use of somewhat 
more expensive raw material (as the equivalent 
high-carbon, high-vanadium molybdenum steels 
may easily be worth while because of increased 
tool life Since cuts made by these tools are 
usually light and the tools well supported. high 
hardnesses and = coarse Srain sizes) are teasible 
High speed stecls with high vanadium tend = to 
resist grain coarsening, so that hardening at the 
highest possible heats is desirable 

Form tools require caretul handling in harden- 
ing to minimize decarburization and the subsequent 
grinding of the intricate shapes on their cutting 
surface. Large flat form tools usually have dove- 
tail sections for inserting in the tooltholder. Unless 
the base of this shank is smoothly machined with 
senerous fillets, hardening may result ino consid- 
erable breakage Where possible it is advisable 
to drill a small hole through the length of such 
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tools at the geometric center of the section, thus 
relieving the quenching stresses at the re-entrant 
angles of the dovetail which concentrate in the 
weakest structural section of the steel 


Broaches 


Broaches are becoming more popular for many 
finishing operations As new, larger and more 
rigid broaching machines become available, tools 
of this type are bound to increase in) number 
Broaches can substitute for and combine various 
other operations and thus gain enough in produc- 
tion time to justify the original high cost of the 
necessary equipment 


Since the depth of cut is 
usually light and the broaching tools are rigidly 


supported, these tools can be hardened to the high- 
est values. Coarse grains with coarse martensitic 
needles give maximum resistance to abrasion 

While high speed steels of Classes A-1 and 2 
and Classes B-1l and 3 are used for most broaches, 
a growing number are being made from Class A-3 
and some of the higher vanadium types of molywb- 
denum high speed steels not shown in our table 
Outside of the high speed family, many broaches 
are made trom steels noted for their high abrasion 
resistance, such as Classes D-2 and 4, E-3 (Cand 
even F-1 for intermediate activity tools A few 
low activity broaches are made from high-carbon 
types of Classes G-1, 2 and 3 

Because of their long length in proportion to 
their cross section, nearly all broaches are heated 
for hardening in vertical furnaces and quenched 
vertically; large broaches thus require very deep 
heating furnaces and quenching baths. Most of 
them are less than 60 in. long, but some are sub- 
stantially longer In addition, the cross-sectional 
dimensions are irregular throughout the length of 
the tool 


it can easily be seen that the utmost skill is 


Since accurate straightness is necessary 


required to assure slow, even and regular heating 
Preheating must be thorough and uniform. Careful 
handling from turnace to the quench and uniform 
agitation of the quenching bath are essential. Even 
with the best of technique the tool will come out 
of the bath with a slight bow. Horizontal presses 
can be used after the broach has cooled to 1100° F 
to remove the worst of the curvature, provided 
heavy pressures are not applied below 590° RF. A 
good broach hardener must become quite skilled 
in this technique 

Tempering operations must be uniform and 
deliberate; in fact, double tempering is preferred 
Since tempering further relieves stresses, additional 
straightening may be required before final grinding 
Despite its undesirability, torch heating must be 


applied to those sections requiring further straight- 


“ 
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ening The death sentence of many a large and 
expensive broach can be traced to careless handling 
at this point. Needless to say, a stress-relief treat- 
ment after final machining and prior to hardening 
is essential 

The production of a perfect broach combines 
the highest art of steelmaking, tool design and 
heat treating tec hnique 


lathe Tools 


Our final type of cutting tool, the single-point 
lathe tool, is one where the extremes of good and 
bad practice can be found without looking very 
far. The worst condition applies when a bar of 
high speed steel is heated in a blacksmith forge, 
shaped on an anvil, reheated in the same forge for 
hardening without intermediate annealing, quenched 
in a bueket of fish oil, ground to shape and sent 
into service without tempering. As opposed to this 
we can picture a similar tool machined all ove 
in the annealed state, carefully heat treated and 
tempered, and finally ground all over, in addition 
to grinding the shape on the nose of the tool bit 
The irony of this comparison is that our 


worst example seems to give a creditable 








ability to specific applications. Standard physical 
properties are of use only for general guidance 
Cutting tests must be comprehensive to be per- 
ltinent. When we have all of these data, we still 
must test the tools under working conditions. 
Cutting tests made on standard logs of con 
stant composition and hardness can be very mis 
leading, unless the conditions are similar to the 
shop service. This is also true of test blocks for 


Under 


constant conditions of laboratory testing, a given 


planer tools, drills, taps, and reamers 
tool can be specially designed or heat treated to 
perform to best advantage under these closely 
controlled conditions. Normal variations in service 
conditions may then cause disappointing results 

For such tests to be truly informative, they 
should be on a variety of test logs or blocks and 
with several well selected heat treatments, so that 
an average over-all performance may be obtained 
Even if these tests are run under the strictest con 
trol and in minute detail, they serve only as a 
guide, and do not substitute for the actual service 
test to determine which is the best tool and the 
best toolsteel for a given task So 





account of itself in many applications, 





and often does just as good a job as out 
perfect example. There are so many 
factors that can be taken into consider- 


ation t 


explain this that one often 
argues himself into a blind alley” in 
trving to analyze all of them! 

When properly supported in- the 
holder, tools of this type can be in the 
hardest state: thus the weakest con- ‘ 
dition of high speed toolsteels will serve 
quite well. Aside from grinding prope 
clearances and rakes on the nose of the 
tool or bit, not much “tool engineering” 
is required. Well regulated shops pre- 


fer to have a grinding fixture or templet 





for each tool, rather than rely on the 





machinist’s eve for proper grinding 


Conclusion 





So much for a few remarks on the 
selection of steels for metal cutting tools, 
and their proper heat treatment. \ 
subsequent article will attempt a similar 


discussion of the general subject of 








“Metal Forming Tools” such as dies, 





punches and shears. 
This first article should not be con 
cluded without some comments on the 


testing of tools to determine their adapt- 
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METALLURGISTS 





ilfred L. Boegehold 


Head, Metallurgy Dept. 
Research Laboratories Div. 
General Motors Corp. 


Citation “for his early application 
of the principles of hardenability 
to the more intelligent use 
of alloy steels” 


@®S Pasr-Presiventr Borcenorn's 
QW biography appeared in Metal 
Progress for January 1947, from 
which it may be found that he, a 
New Yorker and a graduate mechan 
ical engineer from Cornell, tried a 
number of jobs before hitting the 
metallurgical trail at Remington 


Recipients of the @ Distinguished Service 


Award for Meritorious Contributions to 


Progress in Alloy Steel 





Arms during World War I. There 


he worked under Harry Wittiams, 


who in 1920 brought him to Dayton 
Motors research 
laboratory, newly organized by Boss 
KETTERING. 


to join General 


In BorGenoLtn’s metallurgical 
department thousands of 
physical tests were made on steels 


many 


of all sorts, and the conviction grew 
that tensile and hardness tests pro 
vided no clue to what special advan 
tages (if any) certain alloy steels 
He concluded that 
tensile strength was always about 
500 times Brinell hardness; 
less of composition, a certain hard 


had over others. 
reg ird 


ness seemed to be associated with a 
corresponding tensile strength. 
“Early in the 1930's 
nickel-moly 4615 became popular, I 
shocked Frep Grirritus and Bor 
Arkinson by saying that just as 
good results could be obtained with 
the older S.A.E. 3115, 5115 (or even 
1315, the low-manganese steel) with 
equivalent hardenability. An oppor 
tunity to spread this idea of equiv 
alence occurred when the General 
Motors Metallurgical Committe« 
revised the physical property charts 
for alloy steel. In my report the 
physical properties quoted In vari 
ous handbooks were replotted is a 
function of hardness. Charts of this 
sort, adopted for General Motors 
Standards at that time, are the ones 

now in the ‘S.A.E. Handbook’ 


“This study resulted in a real 


when 


metallurgists generally 
that the most distinguishing feature 


of alloy steels was their respective 


ization by 


hardenabilities. The logical out 
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growth of this idea was today's 
growing practice of specifying steels 
principally by hardenability 
ind secondarily 


limits 
as to composition. 


Vartin H. Schmid 


Manager of Sales 
Alloy Steel Division 
Republic Steel Corp. 

Massillon, Ohio 


Citation “for promoting the 
intelligent use of alloy steels 


throughout American industry” 


\ mene AREA in north-central Ohio 
is the birthp! ace of the 
can alloy steel industry 


Ameri 
certainly 
this is true of a commercial and 
Hence it is 
that so many men, now cited for 


continuing production 


their influence in the promotion of 


engineering alloy steels, received 


their early training in the steel 
pl ints of Canton and Massillon 
Martin H. Scumip is no excep 
tion. A 1907-graduate in mechanical 
Lehigh Univer 
joined the United Steel 


Co, at Canton in 1909 as a member 


engineering trom 
sity, he 
of its mechanical department. It 
was just at that time that United 
Steel was carrying alloy steels from 
the laboratory to the production 
floor. Chrome-vanadium steels had 
been specified in quantity by Ford 
Motor Co., and the problems ot 
output had to be 
Young Scumip took an important 


quantity solved 





hand in solving these problems. 
Successful solution led to the quick 
adoption of this steel by Dodge, 
Studebaker, Willys-Overland and 
other automotive concerns. 

In connection with this early 
work he designed and operated the 
first heat treating department. His 
efforts were directed more and more 
closely into the metallurgical field, 
and in 1916 he was promoted to 


metallurgical engineer. Eight years 


Viartin H. Schmid 


later he was transferred to the sales 
departme nt as assistant sales man 
ager of the company. 

So for 40 years his life has been 
intimately connected with the devel 
opment and promotion of engineer 
ing alloy steels As United Steel 
Co became United Alloy Steel 
Central Alloy Steel 
( orp., and finally 


lic Steel 


Corp., then 
i part of Repub 


Corp., Martin Scumip 


continued s one of the nation’s 
authorities on the correct use of 
illoy steels While still a metallur 
gi il « ngineecr, muc h of his work lay 
in the sales field and his time was 


spent with engineers, metallurgists 


ind plant superinte wents of cus 
tomers who were fabricating the 
illoy steels he was making. Men 
without number throughout America 
testify to the clear understanding 
Martin Scumip has of the mutual 
proble ms of alloy steel produce r and 
alloy steel consumer, and his con 
stant effort to harmonize their dif 
ferences to the enduring advantage 


of both 





Clyde LE. Williams 


Director 
Battelle Memorial Institute for 
Industrial and Scientific Research 
Columbus, Ohio 


Citation “for directing the War 
Metallurgy Committee's researches 


into alloy steels” 


‘cyve Wittiams was born and edu 

4 cated in Utah and, after some 14 
years of experience as chemist or 
metallurgist with mining and smelt 
ing concerns in the West, he joined 
the Battelle staff in 1929, becoming 
director in 1934. In the estimation 
of his associates, his outstanding 
contribution “has been a new method 
in research the cooperativ: 
method, in contrast to the lone-wolt 
procedure In a sense, he is the 
Henry 
modern, organized research It is 


Forp of high-production, 


his basic philosophy that research 
can accomplish better results more 
quickly if all utilizable talent is 
brought to bear upon the problem 
[his is the exact method used by the 
War Metallurgy Committee for the 
Government during the war to get 
research results quickly. With Dr 
Witiiams at the helm of important 
research operations, there was no 
lack in skill in their administration, 
nor drive for their completion 

A summary of this metallurgical 
work occupies 125 pages in the vol 
ume “Applied Physics: Electronics, 
Optics, Metallurgy” of the series of 
books “Science in World War II 


The rather modest organization of 
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volunteers which comprised the War 
Metallurgy Committee was ¢ x panded 
to a division (No. 18) of National 
Defense Research Council. Wu 

LIAMS remained in charge and 
directed a program which included, 
among other major fields, work on 
gun steels, projectiles, armor, and 
metals for high-temperature service 

Many American firms and metal 
specialists cooperated, and important 
advances were made in all fields 


Frank M. Masters 


Owner, Modjeski and Masters 
Consulting Bridge Engineers 
Harrisburg, Pa. 


Citation “for pioneering use of 
strong structural steels in long-span 


railroad bridges” 


FRANK 
work for 
i noted bridge 


(>> nis 2ist birthday. 
Masters 


Raten Mopsesxt 


went to 


engineer, then 1904) at the height 
of his fame ind found his life 
work. 


man at 


Masters was an underclass 
Cornell; his job was to 
inspect steel for the Manhattan and 
Queensborough bridges, then being 
built across the East River in New 
York City This turned his atten 
tion to metallurgy and the night 
courses in that subject at Carnegic 
Institute of Technology 
Mopseskt was a firm believer 

the principles used 30 years befor 
by Captain Eaps in his design of 
the Mississippi bridge at St. Louis 
the first engineering use of alloys 
steel He early started searching 
for steels with higher yield strengt! 





than the ordinary carbon steel wit! 
its 35,000-psi. yield. The important 
members of the New York bridges 
were made of 314% nickel steel and 
silicon steel (which was then being 
used by the Navy It was Masters’ 
duty to inspect and test these special 
alloy steels, and he quickly found 
that the mills of that time had great 
difficulty in rolling large shapes and 
plates to meet the vic Id strength 
specification, vet be ductile enough, 
for the Never 
the less, these alloy steels were used 
in the redesigned Que bee cantilever 
bridge, and in the record-breaking 
truss span in the Metropolis bridge 
over the Ohio River. 


fabrication shops. 


In their continued search for 
higher vield strength steels, Mop 
reskt and Masters used Bethlehem 
Steel Co.'s “Mayari” steel in the 
cantilever bridge over the Missis 
Memphis. While certain 
heats of this chromium-nickel steel, 


sippi at 
made from a Cuban ore, were excel 
le nt, its 
nounced for its logical development 


variability was too pro 


until a standardized composition was 
produced by alloy additions. Such 
31,4°° nickel 
steel, then attracted the attention of 
bridge 


steel, together with 


engineers for eye-bars used 
as tension members. To improve the 
properties and especially the uni 
formity of these eye-bars, Frank 
Masters developed the principle of 
normalizing these large members, 
often 40 ft. long and weighing a ton 

a process adopted by the prin 
cipal bridge plants 

At the present time practically 
all of the high-stre ngth steel used 
in American bridges is the struc 
tural silicon steel made to A.S.T.M. 
A94-39. While this 
steel, with its 0.40°) carbon and 
0.207 


specification 


silicon, may not appear to 


many metallurgists as 


being an 
alloy” steel, its minimum yield of 
$5,000 psi. with 30°) min. reduction 
better than the 
33,000 ¥ ield and 22‘; elongation 
specified for structural carbon steel. 
Nevertheless, the 
ind stronger 


of area is much 


search for better 
steels is continuing 


under Frank Masters’ chairman 
ship by a committee of the American 
Railway Assoc The 


chairman believes that this extensive 


program of testing full-size 


Engineering 


joints 
in the special steels made by various 
American mills will result in a 
specification that can be met by all 
producers, and a_ steel that will 
result in substantial savings in all 


large structures 


Benjamin Franklin Shepherd 


Chief Metallurgist 
Ingersoll-Rand Co. 
Phillipsburg, N. J. 


Citation “for developing the mar- 


tempering technique” 


DuysicaL and metallurgical testing 
and coutrol started at Ingersoll 
Rand Co. 
based primarily on pneumatic rock 
drills 


school graduate, was hired for the 


an international busines. 
when Ben Sueruerp, a high 


physical laboratory The staff con 
sisted of a man and the new bos 
Self-educated, he has leveloped i 
scientific viewpoint on metal treat 
ment without losing sight of the 
intensely practical aspects ot his 
work, for no other tools made by 
man require such a combination of 
hardness and toughness as a rock 
drill To achieve this ultimate, 
Sueruerp devoted so much ene rev 
and attained so much success that he 
Sauveur Medal for 
1942 from the American Society for 
Metals, and the 1947 Sradley 
Stoughton Award for Outstanding 
Contributions to Metallurgy 

struck by 
the extraordinary combination of 


received the 


SHEPHERD was early 


strength and toughness that should 
be obtained in fully quenched and 
tempe red_ steels a condition that 
was seldom achieved in commercial 
production. It became apparent that 
much damage resulted from the steep 
temperature gradient from surface 
to center of the piece that existed 
during the quench To avoid this. 
he placed in old, occasionally used 
heat treating process upon a con 
trolled basis. Dubbed 
ing’, it consisted of quenching an 
illoy steel part into molten salt near 


martemper 
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its M, point (400 to 500° F.), hold 
ing there until temperature equal 
cooling. The 
reasons and methods used for this 


ized, and then air 


process were so luc idly de scribed Ih 
his writings that practical utiliza 
tion mushroomed country-wide. The 
process was utilized extensively in 
the war effort on armor-picercing 
shells, M-+ fuses, and many other 
vital applications It is one of the 
contributions of the last decade that 
has lifted the 
from its age-old status of an art 
into that of a metal 
lurgical operation 


quenching operation 


controlled 


Frank P. Gilligan 


Secretary-Treasurer 
The Henry Souther Engineering Co. 
Hartford, Conn. 


Citation “for pioneer vuidance and 
20-year chairmanship of the 5. A.E. 


Committee on Steel Sper theations 


hy Pitt CENTURY 


Hartford was the Detroit of the 


bievele and sewing machine 


rURN OF rut 


indus 
tries It was therefore no accident 
that the 
try should draw upon it for engi 
neering talent. In this transition 
from bicycle to automobile the uss 
oft alloy 


budding automotive indus 


steels had been extended 


from armor plate to mechanical 
Soutuer (a metal 


Hartford 


ind a young man he hired in 1903 


parts. Henry 


lurgical consultant in 
for personal secretary and labora 
tory assistant were in on the ground 
floor. For this young man, FRANK 
GILLican, it was a thrilling expe 





rience to rccompans his chief to 
the annual automobile show in old 
Madison Garden in New 


York, and to record interviews with 


Square 


various 
cars on exhibition and to seek rea 


those responsible for the 


sons for the mechanical innovations 

It was therefore at about this 
time the engineers representing the 
under the Selden 
patent known as the 
Branch of the Asso 
Automobilk 
decided to meet 
monthly at the Souther Laboratory 
n Hartford and consider the test 


Ing of 


28 licensees 
iutomobile 
Mechanic al 
ciation of Licensed 
Manufacturers 


fuels, lubricants, 
steels and their heat treatment. and 


start the 


engines, 
standardization of serew 
threads, rims and tires and similar 
items that should be 
ible. Steel company 


interchange 
executives, 
metallurgical engineers, chemists, 
inventors and pseudo-inventors and 
entrepreneurs of all types from 
many lands beat a well-worn path 
to this focal point During this 
period Henry Sovriuer prepared a 
limited schedule of steel composi 
tions with recommended heat treat 
ments for automobile construction, 
later to be iccepted is the basis for 
the S.A.E. steels 

This happy combination of cir 
cumstances was rudely interrupted 
lForp defeated the 
Selden patent in 1909. But a small 


group of 


when Henry 
keen-witted engineers who 
ongregated socially during “Show 
Week is an informal Society of 
Automobile Engineers promptly 
converted their social group into a 
technical body, and immediately re 
Mechanical Branch 
of the Associatic Licensed Auto 
mobile Manufacturers ceased 
that point on, the 
influence and 


umed when the 


From 
S.A.F. gained in 
created engineering 
ind metallurgical progress of whicl 
it may justifiably be proud 

No small part of the success was 
due to the ability of 
Frank GintiGganx, who in 1918 was 


organizing 


ippointed chairman of the Iron and 
Steel Division to sueceed K Ww 
Zimmerscitep. This tour of duty 
extended to 1945, with the exception 
of a six-vear intermission in 1925 
1931. As such, his influence on the 
deve loprne nt of standard alloy steels. 
wcepted by the American steel and 
mechanical industries, has been in 
deed outstanding, amply warranting 
the citation for pioneer guidance ot 
the S.A.] 


Spec ifications 


Committec on Steel 


Denison Kingsley Bullens 


President 
New England Auto Products Corp. 
Pottstown, Pa. 


Citation “for his inspirational work 
in collecting and publishing Ameri- 
can practices in ‘Steel and Its Heat 
Treatment’ ” 

eee in Newton, Mass., and edu 
cated in mining engineering at 
Boston Tech’, D kK 
taught nonferrous metallurgy at 
Pennsylvania State College 


deciding he wanted a lot of advanced 


BULLENS 
before 


engineering knowledge in the short 


est possible time, “plus a higher 
degree, if it didn't take too long 
Matriculation at Har 


is he puts it 
vard Graduate Applied 


Science gave him neither, but did 


School of 


turn his attention to the microstruc 
ture of steel and its relation to heat 
treatment and engineering proper 
ties subjects that were to under 
pin his entire future 

In 1911, then, he 
Parish Mfg. Co. of 


an early produce ro 


became met 
allurgist for 
Reading, Pa., 
alloy steel auto frames, which cur 
rently was having troubles in’ the 
forming and heat treating depart 
ments troubles cured by forcing 
the steelmakers to conform to spec 
ifications. Next vear BuL_ens went 
with Carbon Steel Co. of Pittsburg! 
ind labored with problems of pro 


ducing high-grade openhearth steels 


especially alloy steel for forgings, 


battleship deck armor, oil well drills, 
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became the 
representative in 


and safes Later he 


company's sales 
Philadelphia 
Here it was that le 


practice s consulting engineer on 


started a 


alloy engineering steels and related 
proble ms Those were the day s 
when not much was known about the 
heat treatment of steel and partic 
ularly of engineering alloy steel, and 
much of that information was closely, 
secret and 


guarded, freque ntly 


wrong; when the highest-priced 
quenching oils were supposed to give 
the best 

blacksmith 


show by holding a piece of steel to 


results; when the canny 


would put on a good 


his nose and tell whether or not it 
had a high sulphur content! 

In 1915 came the first edition of 
Steel and Its Heat Treatment 
It contained, for the most part, his 
personal experience with the heat 
treatment and use of engineering 
added to this were 
gleaned from metallurgical friends. 


steels: ideas 
ind from wide reading of the exist 
ing technical literature in English, 
German and French. Mr. Buiiens 
comments thus: 

The pretace to this book pointed 
out that scientific knowledge, engi 
neering applications, and artisan’s 
linked together by th« 
human element’, and a chapter on 


skill are 


this phase of the subject was writ 
ten. It was a distinct shock to those 
to whom John Wiley & Sons sent 
the manuscript for criticism; they 
demanded the exclusion of the mat 
ter on the human element as entirely 
unorthodox and having no place in 
a technical book As Major WILEY 
humorously put it, “Take it out, and 
if the book is a success, you become 
an authority, and you then can do 
Actually, the mate 
other 


as you please 
rial was split up amongst 
chapters, and in the second edition 
two years later it was put back 
together again, because by that time 
the new doctrine of heat application 
and of ‘metallurgical cooks’ was well 
appreciated by the practical man 
fcr whom the book was primarils 
written 

It remains only to say that this 
book for the 
diately became indispensable to the 
It has 


run through five editions, each big 


practi al man” imme 


technical man and engineer 


ger and better, paralleling closely 
the growth of the science and art 
of heat treatment of steel, and in no 
small measure is responsible for that 


mtinuous growth in America 











Physical Research by A.E.C. 


TYHE last report of the United States Atomic 

Energy Commission to the Congress* contains 
a 38-page chapter on research in the physical sci- 
ences and 18 pages more on biology and medicine. 
It notes that large-scale governmental aid is nee- 
essary, even in fundamental physical research, 
because such work ‘‘requires the work of men in 
teams of large size and the use of very expensive 
instruments’’. For example, at the Radiation Lab 
oratory of the University of California there 
nearly 600 workers in all. 

At this research center, ‘‘data on the behavior 
of nuclei under bombardment continued to pile up. 
There the 154-in. cyclotron, the most powerful in 
the world, produced important new reactions in 
which target material bombarded by protons 
nuclear particles, positively charged| gave off 
deuterons {nuclei of H*} ; likewise N'? was produced 
by bombarding heavier elements with deuterons. 
Ilere also was the first artificial production of both 
heavy and light mesons, particles formerly encoun 
tered only in eosmie ray Scientists are 
now on the track of understanding the processes by 
which mesons are formed and disappear’’, and their 
relation to the nuclear binding “To get 
further into the mysteries of nuclear structure and 
the A.E.C. is building a proton synchrotron 
of 110-ft. diameter and 6000-mey. output, by far the 
most powerful atom smasher ever planned. It will 
cost some $9,000,000 and be four or five years in the 
building. It will be something like 18 
powerful as the 184-in. cyclotron, the 
greatest machine. 

“The Commission and the 
Research are supporting jointly 
studies. 
of Minnesota 


are 


processes 


forces. 


Torees, 


times as 


present 


Office of Naval 
a number of other 
For example, at the University 
have cloud chambers 
attached to balloons up to altitudes of 100,000 ft 
They reveal many types of particles approaching 
the earth from outer space, including atomic nuclei 
of middleweight elements such 


eosmic Tay 


se1rentists sent 


as copper ss 
The report lists the other important laboratories 
general idea of the work progressing 
h.+ Brookhaven National Laboratory, at Camp 
Upton, Long Island, is operated by 
and atomi 
‘which the Commission now plans to keep 
that 
The 
chemistry, 
Its regular stafi 
other se 


und gives a 
IM) crane 
eastern 


nine 
universities, provides a center of 
research, 
as free as possible of security restrictions, so 
wide academic participation will be 
laboratory has departments of physics, 
biology, medicine and engineering 
has grown to almost 200, and many entists 
spend part of their time at the laboratory. A pro 
vram for graduate students will be vreatly enlarged 
in the future 
‘*In a vers 
will he a 


pole tion 


possible 


complete scientific 
nuclear 


proton 


array ot equip 
nearing 


synchrotron to 


ment reactor, now 


com 


and a accelerate 


*A 200-page book published in January and for sale 
for 45¢ by Superintendent of 
Printing Office, Washington 25 


Documents, Government 


Dp. C. 


nuclear particles to energies about seven times as 
vreat as any produced in laboratories today. The 
reactor will be the first ever built expressly as a tool 
of research to produce radioactive materials and 
beams of neutrons for nuclear studies. It will be a 
vraphite-and-uranium pile cooled by air. It will be 
operating In 1949 . 

‘The Commission's three national laboratories 

Argonne, Brookhaven, and Oak Ridge — with 

their 58 cooperating universities and research insti 
tutions, offer exceptional opportunities for special 
research and advanced study by university staff 
members, by post-doctorate students, and by indus 
trial research workers. Training programs at these 
laboratories, including that of the Oak Ridge Insti 
tute of Nuclear Studies, instruct the student in new 
research techniques, familiarize him with problems 
of research of interest to the Commission, and pro 
vide centers for dissemination of recent findings . . . 

“The scientists of State College played 
a leading role in investigating uranium and other 
little-understood metals and in developing new proc 
esses for purifying and working them. The Com 
expanded this work into a major 
metallurgical laboratory, now being constructed on 
the campus at Ames, to produce such now-important 
materials as uranium, thorium, beryllium, and the 
rare earths, in extremely pure form 

‘The rare earths comprise a group of 14 metals 
ranging from cerium (58) through lutecium (71 
Many of them are produced by the disintegration 
These metals 
difticult to separate and 
known of their properties. They may 
commercial future as alloy metals in 


lowa 


mission. has 


have been 
very little is 
have a bright 
the manufac 
ture of high-temperature structural materials . 

**Metals which might serve as reactor structural 
materials, moderators, and coolants |in power or 
plutonium piles) were actively studied during the 
past vear. Zirconium is a possible reactor construc 
material, but have not considered 
the metal seriously because of some supposedly fun 
damental 1948, new methods of 
and analysis have been developed to 
its true properties - 
12 months close to 
were produced. Of these, ‘classified’ ; 
that is, they information that the United 
States must keep from public disclosure for the time 
being. There are two large the non 
technical reporting of research progress in atomic 
energy (a) the secrecy of the work, and (b) the 
abstruse nature of studies connected with nuclear 
Nevertheless, the interested layman can 
get a very good idea of what is happening on the 
frontiers of atomic energy if he is willing to leave 
the technical details to the scientist 


of fissionable atoms. 


extremely 


Non engineers 
drawbacks. In 
purihncation 
determine 


‘In 


YOO) research reports 
about 1500 are 


contain 


obstacles to 


enere\ 


Argonne, Brookhaven and Oak Ridge National 
Laboratories, Los Alamos Scientific Laboratory, the 
Ames Metallurgical Laboratory, the Radiation Labora 
tory at Berkeley, and the laboratories connected with the 


major production plants at Hanford and Oak Ridge 
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FACTS AND 


FANCIES 





ABOUT 





AMMONIA CARBURIZING 





A BRIEF article by 


the late John A. Dow in 1948 edition, @ “Metals 
Handbook” on carbonitriding concludes with this 
statement: 


“Carbonitriding is still in the experimental 
stage, although 40 or 50 continuous furnaces, 
with outputs ranging from 500 to 2000 Ib. per hr., 
are in daily use, and an increasing number of 
batch furnaces are employed for such processing.” 


Personally, | prefer the term “ammonia car- 
burizing” to designate the simultaneous nitriding 
and carburizing of steel in a gaseous atmosphere 
containing both ammonia vapor and carburizing 
gases. 

The process is quite old. Basically the use 
of ammonia vapor addition to a carburizing gas 
is disclosed, described and claimed in U. S. Patent 
No. 1,152,959 issued to Adolph W. Machlet on 
September 7, 1915. It would seem that the basic 
idea has been “rediscovered” a number of times 
and has been designated by such terms as 
“nicarbing”, * 


‘carbonitriding”, “nitrocarburizing”, 
“gas cyaniding” and “dry cyaniding”. 

The situation as described in these paragraphs 
is by no means unique in metallurgical progress. 
The number of our operations which were widely 
used long before they were explained vastly 
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By Sam Tour 
Sam Tour & Co., Inc 
Engineers, Metallurgists, Consultants 
New York City 





outnumber the ones which were devised after 
a fundamental principle had been discovered. 
Nevertheless, it would be well to make a critical 
summary of the published information in ordet 
to locate areas where investigation would likely 
vield the greatest returns. 

The first patent (1,152,959 
covers the use of an atmosphere consisting of 
CO (producer gas), vaporized hydrocarbons, and 
ammonia, the latter introduced in various ways 


noted above 


and in various quantities up to saturation, prior 
to introduction in the furnace. 

Twenty years later the same pioneering inves- 
tigator and head of American Gas Furnace Co 
patented a “process of casing steel articles” (No. 
1,995,314: March 26, 1935). He claims that a 
combination of the ordinary high-temperature 
gus carburizing and low-temperature nitriding 
processes can be carried out at intermediate 
temperatures (3 to 5 min. at 1350 to 1450° F.) 
in mixtures of 3 to 5 volumes of NH, to 1 volume 
of any common hydrocarbon gas. This gas mix- 
ture is said to be neutral to steel up to 900° F. 

In treating in this fashion at temperatures 
below the critical, the objects may be slow cooled 
and come out file hard. Slow cooling prevents 
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distortion. The case is “malleable” with a 
gradual softening as the core of the object. is 
approached; cased objects may be bent 45° with- 
out surface cracking. It is also claimed that high- 
carbon steels (up to 0.90 C) may be cased 
successfully and that the case can be annealed 
at temperatures of 1500 to 1600° F. 

Equal volumes of hydrocarbon gas and 
iummonia may be used. Under these conditions, 
the time may have to be increased to 380° min. 
\ distinguishing feature claimed is that the case 
produced under these conditions is graphitic (at 
least at and near the surface): it is dark, hard, 
and self-lubricating. 

Machlet’s third patent (No, 2,188,226; January 
23, 1940) states the inventor's opinion that, at 
1600° F., the combination atmosphere does not 
produce a hard nitride case but rather that the 
abbonta promotes a deep carburized case, essen- 
tially free of any surface deposit of carbon He 
tates that this treatment and temperature result 
in a relatively soft) case when the objects are 
quenched and tempered. However, by finishing 
ita final temperature of 13800°F., a much harder 
cause is obtained 

For this reason a furnace construction is 
recommended so the work enters the hot end 
1600" and leaves the cool end 1300° F. 
Phe mixed gas flows in the opposite direction; it 
is “eracked” immediately and flows to the high 
temperature zone where essentially deep carbu- 
rizing occurs The work ts also” skin-nitrided 
near the exit’ end a seheme which is said to 


wold a coarse-grained structure 
Descriptive Articles* 


Phe first mention of the process found by the 
present reviewer in metallurgical literature was 
by C. R. Austin of Penn State College in Trans- 
actions @ for 1985 (p 157 
on heat) treatment) in’ controlled atmospheres, 
Austin tried mixtures of ammonia and 2 to 12 


In his experiments 


butane. Carburizing at 1750°F. was very rapid 


for example, 0.008-in. case in lo min. with & 


butane; 0.020-in. case in 30 min. with 10 butane. 


He believed that small amounts of water vapor 


All estimates 
were made from etched cross sections of heat 


increased the rate of carburization. 


treated pra ts 


*Brief mentions, other than those abstracted 
herein, are “Controlled Atmosphere Generators, Recent 
Advances in Equipment’, by E. E. Slowter and B. W. 
Gonser, Metal Progress, May 1941, p. 563; “Trends in 
Furnace Design”, by J. A. Dow, The Tron Age, June 29, 
1944: and “Gas Cvaniding Small Parts’, by Th oN 
Ipsen, The Tron Age. May 27, 1948 


R. T. Cowan and J. T. Bryce of Surface 
Combustion Corp. gave a much more complete 
description of “The Process of Dry Cyaniding”™ 
in Transactions @ for 1938 (p. 766). In their 
trials they compared results at 1450°F. in’ two 
atmospheres, one made up of 40° natural gas 
methane) and 600 “DX” gas,+ and the othe: 
oo natural gas and 50° ammonia. 

Cowan and Bryce say that ammonia can be 
used with any usual carburizing gas mixture and 
that the case composition and depth can be con 
trolled by adjusting the percentage of ammonia 
When the mixture was introduced in the charging 
end of the furnace, the results were unsatisfac- 
tory, because “interfering reactions” occur, with 
the formation of water vapor, especially if the 
carburizing gas contains oxygen. This is also true 
if the ammonia-carburizing gas is introduced 
through outlets distributed along the length of the 
muffle. 

Satistactory carburizing occurred if the car- 
burtzing gas alone were introduced at the charging 
end of the furnace and the ammonia entered 
where the work was up to full temperature. In 
these circumstances amorphous carbon deposited 
on the work, and the ammonia later reacted with 
it to form HEN at the work surface and case 
hardening began 

The article in Transactions contains many 
photomicrographs, and from them the authors 
deduce that the amount of NH, in the atmosphere 
does not directly influence the case depth as much 
as does the character of the case high ammonia 
a0 tends to produce a “white layer”. They 
were able to carburize successfully at 1350° 1 

“Carbo-Nitriding of S.A.E. Steel Parts” by 
Walter H. Holerott (Metal Progress, Septembe1 
1947, p. 380) describes a continuous pusher-type 
furnace so arranged that the work can be liquid 
quenched, cooled in gas blast, or cooled slowly at 
controlled rate in’ prepared atmosphere The 
atmosphere in the heating muffle is a non 
decarburizing carrier gas of 200 CO, 40° H.. 
10) N. with small amounts of methane to which 
the ammonia is added; as the operating temper- 
ature increases, the hydrocarbon gas is increased 
and the ammonia is decreased 

The furnace operates at about 1600° F., some 
What below ordinary gas carburizing furnaces, 
and produces a case with a thin, tenacious (non- 
spalling) “white layer” at the surface. This layer 
is thick and spalls badly if the work is done below 
1400° F 


tion versus depth are printed in this article. One 


Several curves showing carbon-penetra- 


American Gas Assoc. Class 102: 71.5 N., 10.5 
CO, 5.0% CO,, 12.50% H., 0.5% CH,, dew point 40° F 
(See Metal Progress Data Sheet, August 1947, p. 256-B.) 
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example is S.A.E. 1020 after 3.6 hr. at 
1640° F. in this gas: 750 cu.ft. per hr. 





generator gas, 50 cu.ft. per hr. NH,, 
30 cu.ft. per hr. CH, (Detroit city gas 

The case analyzed 0.54% N. and 1.08‘ 

C at the surface; 0.70% C 0.010 in 
helow surface; 0.35% C 0.020 in. below 
surface. In contradiction to Machlet, 
Holeroft states that the rate of carbon 


by 


penetration is the same as in straight 


gas carburizing 


Commercial Publication 


Armour Ammonia Works of Chi- 
cago issued in 1948 a report on “Dry 
Cyaniding” by its Technical Service 
Dept., which recommends a mixture ot 
ammonia, carburizing gas and vaporized 
liquid hydrocarbons, cracked externally 
or internally with reference to the fur- 


The scheme of adding some ammonia to a pre- 
pared gas carburizing atmosphere has been promoted 
furnace builders and ammonia manufacturers, 
and has been applied by industry for parts which 
can tolerate no warpage during heat treatment yet 
need a hard surface with excellent wear resistance. 
Rather wide differences exist in the published recom- 
mendations as well as in the details of the installations. 
It is another instance of a technical process which 
has arrived prior to any scientific explanation for its 


operation. The present article attempts to map those 


areas where accurate studies must supplant unsup- 


ported statements if the metallurgical engineer is to 


plan this operation with much precision. 





nace. In large installations a neutral 

carrier gas is used to prevent sooting 

that is, 30 to 40° of ammonia and 10 

to 20° of natural gas is added. For small instal 
lations where a carrier gas is not used, atmos- 
pheres containing 60 to 70° of ammonia are 
recommended. Ammonia is said to inhibit the 
effect of CO, and of water vapor, a statement 
conflicting with an earlier one by Austin that CO, 
and water vapor must be excluded from the 
atmosphere. It is also said that ammonia lowers 
the carburizing temperature and increases the 
diffusion rate of carbon in steel. Also that the 
amount of ammonia controls the character of the 
case, a “white layer” being produced at low 
temperatures 


Summary and Discussion 


Machlet’s patent of 1915 deseribed ammonia 
carburizing. In 1941, a deseription of Lindberg’s 
“hydryzing unit” in Metal Progress indicates that 
its operating principle is almost that patented by 
Machlet. Holeroft’s statements in 1947 generally 
agree with Machlet’s 1940) patent except that 
Holeroft (as well as Dow) says the rate of carbon 
penetration is the same as in gas carburizing, 
whereas Machlet says it is much faster. 

Austin’s remark about a small amount of 
water vapor increasing rate of carburization con- 
tradicts Armour’s statement about excluding water 
from carrier gas. However, in neither publication 
is the amount of water vapor specified. 

Cowan and Bryce agree with Armour that 
case depth increases when ammonia is introduced, 
und that ammonia lowers the carburizing temper- 


ature and character of the case. This, also, is in 
general agreement with Machlet’s patent disclo 
sures Holeroft indicates that the times for 
carbonitriding and straight carburizing are essen 
tially the same; this is at variance with Machlet's 
and Austin’s statements, but it may be due to 
Holerotts use of relatively lean’ mixtures of 
ammonia. 

Holeroft and Armour agree that carbo 
nitriding at lower temperatures tends to form a 
white layer Holeroft states that carbonitriding 
below 1400° F. tends to give a spalling case; on 
the other hand Machlet is quite positive that a 
spalling case is nol produced, saying that at 
1400° F. carbonitriding is excellent. Holeroft and 
Machlet agree that high temperature (1600° F. 
produces a case similar to that obtained in straight 
carburizing at 1700° F., and that at low temper- 
atures (1350° 1 the case produced is similar to 
that obtained in nitriding at 975° F. The nature 
of this “white layer” is unknown, although Dow 
in @ “Metals Handbook”) reports studies by 
D. M. MeCutcheon at Ford Motor Co. on spalling 
cases made in 20° 
1400° F. which appear to be body-centered cubic 
solid solution of nitrogen in ferrite. Cases thal 
do not spall contain, in addition, a close-packed 
hexagonal constituent of greater penetration 
hardness. Dow believes that the formation of this 


ammonia atmospheres al 


file-hard surface constituent that forms at high 
temperature depends as much on the carburizing 
activity of the gas as the ammonia content, and 
that it is quite different in essential nature from 
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the “similar-looking layer formed with higher 


concentrations of ammonia at temperatures below 
1450° F.” 

There is no agreement as to the best location 
for introducing the gas into the furnace. Except 
for Cowan and Bryce, all references indicate that 


the ammonia and carburizing gas may be mixed 


before entering the furnace. 

It is quite apparent that little is known about 
the reactions which take place between the steel 
and the atmosphere constituents in carbonitriding. 
\ll observations are reported in rather general 
terms, and adequate data have not been presented 
to support some of the statements made.  Like- 
wise, contradictions exist in the literature; unsub- 
stantiated statements made by some have been 
accepted as true and repeated by others. The 
publications reviewed show micros of cases made 
with gases containing high concentrations ot 
ammonia, while Dow’s brief article in @ “Metals 
Handbook” says that the atmospheres may have 
1% NH, or less for the production of quenched 
work, from 1 to 5° NH, for work cooled in ait 
blast, and up to 15% for heat treatment at low 
temperatures 1300 to 1400° F.) 


Examples of some of the other unresolved 


and slow cooling. 


problems may be cited: It is reported that if 
ammonia vapor is added to an atmosphere that is 
so rich as to throw down carbon and smudge the 
work, the carbon throw-down is stopped. Is this 
due to dilution? Is it due to the increased hydro- 
gen content of the atmosphere stabilizing a higher 
percentage of hydrocarbons at the temperature of 
operation? 

It is reported that the addition of ammonia 
increases the rate of carburization. Is this due 
to some inter-gas reaction such as the supposed 
formation of HCN (ordinarily regarded as unstable 
aut elevated temperatures) or to nitrogen entering 
the steel first and creating austenitic iron with a 
lower critical temperature? If this is true it would 
imply that the rate of carburization of iron is a 
function, not of absolute temperature, but of the 
number of degrees above the austenitic trans- 
formation point. 

It is reported that an atmosphere containing 
enough water vapor and carbon dioxide to inter- 
fere with carburizing becomes an active carburizer 
after the addition of ammonia vapors. Assuming 
that this is true, is it due to the hydrogen ot 
the ammonia consuming the carbon dioxide and 
stabilizing a higher water vapor content? If so, 
pure hydrogen should work 
as well as ammonia. Since 





the ammonia addition has 
diluted the gas which was 
already on the lean side 
for carburizing, why was 
the result an increase rather 
than a decrease in carbu- 
rizing tendency? 

It has been stated that 
no nitriding of steel occurs 
at 1600° F. in a mixture of 
ammonia and = carburizing 
gases. It is well known 
that ammonia alone, crack- 
ing on steel at 1600° F., is 
very active in nitriding. It 
would be surprising indeed 
if this reaction were stopped 
by the presence of a carbu- 
rizing gas. Unfortunately, 
both carbon and nitrogen 
penetration-depth curves 
have not been reported. 

As regards this rather 
important commercial proc- 
ess, there is obviously a 
dearth of scientific thinking 
as well as a dearth of sci- 


entific data about which to 


think i} 








CLEANING ALUMINUM 





SHEET PRIOR TO 





SPOT WELDING~—I 





is A SERIES of papers in former 
issues of Metal Progress,+ a beginning was made 
on a general summary of wartime researches on 
the spot welding of aluminum. In this article 
and its sequel an effort will be made to gather the 
available information on the problem of surface 
preparation. Wendell F. Hess, then head of the 
welding laboratory at Rensselaer Polytechnic 
Institute at Troy, N. Y., and his associates inten- 
sively investigated the problem of cleaning, and 
issued 18 reports (all printed in the Welding 
Journal between June 1942 and August 1946) 
listed on p. 522. A large proportion of this 
summary is based on this work at Rensselaer. 

An elementary study of the spot welding of 
aluminum makes it quite clear that a prime cause 
of trouble is the layer of oxide which covers the 
metal. This can be removed by mechanical abra- 
sion, but re-forms fairly rapidly;t however, if two 
freshly cleaned sheets are welded, satisfactory 
joints may be expected. 

Prior to the war, all preweld cleaning was 
done mechanically, chiefly by brushing with steel 
wool or wire wheel. These methods did provide 
an excellent surface for spot welding, but they 
were tedious and time consuming. It would have 
been impossible to make the 50,000 airplanes con- 
structed in one year during the war, if mechanical 
cleaning were the sole recourse. 

Measurement of Contact Resistance —- Dr. Hess 
and his associates soon found that they needed to 
determine the contact resistance at the faying 





By Gerard H. Boss* 
Naval Air Material Center 
Philadelphia Naval Base 





plane of sheets to be spot welded. For this they 
developed a Kelvin double bridge circuit, so 
designed that oscillographic records could also be 
made of the current and the electrode pressure 
during the actual welding operation. 

Figure 1 shows a diagram of an apparatus 
for measuring contact resistance in use at the 
Naval Air Material Center. The system of trans- 
formers is arranged so that 100 amp. pass between 
electrodes E,E, when the ammeter A _ registers 
5 amp. The vacuum tube voltmeter measures to 
0.001 volt. Thus, with 100 amp., the usual con- 
dition, the lowest resistance measurable is 0.00001 
ohms, or 10 microhms. If lower resistances are 
to be measured, the current must be increased 

The Kelvin double bridge circuit shown in 
Fig. 2 was developed at Rensselaer Polytechnic 
Institute. Another circuit used by G. W. Scott 
and E. B. Charles at Armstrong Cork Co.’s research 
*The opinions contained in this article are those 
of the writer, and not necessarily the official views 
of the U. S. Navy. 

*Page 227, February 1948; p. 522, April 1948; 
p. 344, September 1948. 

tRates of formation and nature of oxide layer 
have been studied by J. D. Edwards and others in 


Aleoa’s research laboratories. See Metal Progress, July 
and August, 1948 
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Vacuum Tube Voltmeter- LY) 





Fig. 1 Wiring Diagram for Apparatus to Measure 
Surface Resistance During the Spot Welding 
of Aluminum Sheets Between the Electrodes E,E 





laboratory is described in Reference 7.* ‘The Arm- 
strong Cork apparatus operates on 20 amp., which 
is considerably less than the others; it is very 
similar to the circuit in Fig. 1. Messrs. Seott and 
Charles state that varying the current up to 60 
amp. did not change the resistance measured. 

In order to use any of these circuits, means 
must be provided to force the electrodes against 
the lapped sheets with standard load —- usually 
900 or 1000 Ib. This is readily done with a simple 
hydraulic jack operating against a fixed yoke. 
The ram supports one electrode; the other is 
backed by a platen separated from the fixed yoke 
by a nest of calibrated springs. Obvious pre- 
cautions are taken to insulate, electrically, the 
electrodes from the surrounding mechanism. The 
jack is pumped up until a gage shows that the 
springs are compressed a standard amount. 

Electrodes are both dome shaped, for easy 
alignment during seating. The importance of 
standardized (constant) pressure during the test 
is illustrated by the results plotted in Fig. 3, from 
Reference 7, of a series of measurements with 
varied pressures on two sets of sheets (one much 
cleaner than the other) 

Importance of Surface Resistance — The most 
bothersome effect of high surface resistance is its 
effect on tip life, and “pickup”. It also causes weld 
spitting, surface spitting, and irregular shaped 
welds. The Aircraft Welding Standards Committee 
of the American Welding Society stated, in Weld- 
ing Journal tor August 1942: “It appears that at 
least 75% of the troubles experienced with surface 
spitting, weld spitting, irregularity in weld shape, 
and the extent of electrode pickup can be attrib- 
uted to improper surface preparation.” 


The effeet of surface resistance on the shear 


*For bibliography, see p. 522 


strength of the welds is only slight, if the 
welding current is set to make satisfactory 
welds in sheets of low resistance. Figure 4 
from Reference 3 shows this, but in this 
reviewer's mind, graphs such as this are mis- 
leading: if the current is adjusted to make a 
weld of barely satisfactory strength in metal 
with high surface resistance, the spot welds 
will be weak in sheets of low surface resist 
ance. This latter point is illustrated in Fig. 5 
Many engineers are aware of the fact 
that strong welds with adequate fusion can 
be made in metal of gage heavier than the 
rated capacity of a machine by “artificially” 
raising the resistance. It is understood that 
lacquers for this purpose are on the market 
When faced with such a problem on a seam 
welding job, this reviewer obtained some very 
highly diluted clear lacquer from the paint shop 
The two faving surfaces were lacquered, while the 
outer surfaces were rubbed with steel wool to 
prevent electrode roller pickup. While a reason 
ably good joint was secured, this trick is justified 
only as a temporary measure, and it should nevei 
be permitted on structural parts 














Fig. 2--Kelvin Double Bridge Circuit 
Devised by Hess for Measuring Resist- 
ance of Surface Film on Aluminum Sheets 





\ few words on the magnitudes of surface 
resistance are necessary. Alclad cleaned with steel 
wool or wire brushed has a surface resistance 
between 10 and 20 microhms. Most chemically 
cleaned surfaces have a resistance of 15 to 30 
microhms, when cleaned under laboratory meth- 
ods Extensive experiments have indicated that 
production cleaning which resulted in a surface 
resistance under 50 or 60 microhms is satisfactory 
The resistance of uncleaned sheets is around 700 
to 1200 microhms 
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times both The second 





Preweld Cleaning operation is to remove 
the high-resistance oxide 


The need for much naturally present on the 


— + + 


High Initial 
Resistance 


cheaper means of preweld surface, and replace it 


cleaning than the’ early with another oxide ol 


mechanical methods be- uniform and low resist- 


D 
S 


came acute when the air- ance. As will be seen, 
craft industry began to 
expand in 1941 and 1942. 
Also, while alelad 24S-T 
is satisfactorily cleaned by 
brushing, bare 24S-T is 
very difficult to clean be- 
cause of its content of 


almost all solutions used 
for this purpose are 


EN 
S 


acidic 

The first report on 
z= | cleaning, by the Rens- 
low Initial | = selaer group, was in 1942 
Resistance +74 Reference 1). In their 
investigations of the early 
tallic compounds. These 200 400 600 800 /000 _ «deoxidizing solutions, 
particles are pulled out of Electrode Force, Lb. they recognized the need 
the surface by the abrad- ‘ ‘ : . for the prior degreasing, 
ing medium, and they Fig. 3 — Effect of Electrode Force on Con- 
‘ tact Resistance of 0.032-In. Sheets of 248-17 


S 








Sheet-to-Sheet Resistance, Microhms 


hard particles of interme- 


9 





eo) 





and all specimens tested 


scratch grooves into the were degreased with 





surface as thev are organic solvents as a first 
dragged along step. Possible variables 
\ quicker nonmechanical cleaner is obviously due to these solvents were not investigated. Cold 

a chemical cleaner in a tank. As a_ general hydrofluoric acid solutions were explored = as 
observation, chemical preweld cleaning is divided deoxidizers (oxide solvents) with unsatisfactory 
essentially into two operations. The first is the results; in all concentrations, these solutions were 
removal of all dirt, grease or grit by either an too critical in the time of immersion for pro- 
organic solvent or an alkaline degreaser (some- duction work. Experiments with cold solutions 
of sodium hydroxide were also tried with- 


out success. 





Further work on deoxidizers (mainly 


0Q020-In Alclad 248-7| '0066-In Alclad 248-T, hot solutions) was reported later, in 
23,400 Amp. Peak 20,500 Amp. Peak Reference 2. <A_ very satisfactory hot 





j solution can be made with the proprietary 
Weld Strength j danas bA ad = “Oakite 844A”. The letter “A” indicates 
(Read Lett/> | that this is a replacement, with slight 
i | modification, of the original “Oakite 84", 
which contained an unsatisfactory 
{ wetting agent. All wetting agents 
except those based on alkyl-ary!l 


8 
8 


Weld Strength, Lb 


sulphonates tend to decompose in 
aE 
Weld Strength™ 
. + + + f ; + + (Read Rig 200 
\ 4 

0 ee al ~~ ——* 0 ling agent is mentioned in_ this 
0 2 4 6 8 f2 6 20 2 4 8 14 2 30 report, “Nacconal N-R”, or equiv- 

Min. in No. /4 Solution Min. in H2Sitg Solution alent, is meant. 

“Oakite 84A” is a very satis- 
Fig. 4 (Left) Weld Strength Is Little Affected by Surface factory deoxidizet if used under 
Resistance if Welding Conditions Are Correct for Clean Sheets proper conditions. Under no cir- 
hut Fig. 5 (at Right) Shows That This Is not True if Conditions cumstances should any iron be 
Are Set for Minimum Quality Welds Between Sheets of High allowed in the solution, and this 
Surface Resistance. Alclad, heat treated in nitrate, welded in excludes steel heating cots. Sete 
condenser-discharge welder delivering slowly rising current tions can be heated with “Karbate” 
steam heaters or with dried steam 


hot acid solutions, forming a frothy 
scum on the surface. “Nacconal 


Weld Strength, Lb 
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r Resistance 
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N-R” is a wetting agent of the sat- 


Surface Resistance. Microhms 


isfactory type and whenever a wet- 
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Fig. 6— Contact Resistance Versus Time in 
“Oakite 84A” at 180° F. (6 Oz. per Gal.; pH = 1.30) 
for Alclad 248-T 0.020, 0.040, and 0.064 In. Thick 





»——— 0.020 /Nn 
o—— 0 O40 
° 0.064 





wW 
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an operation with such a narrow time limit. Mr. Tignor 
Martin Co. the temperature is 
reduced to 160° F. for the thin sheets. The effect of 
temperature on the contact resistance of 0.040-in. alclad 
sheet after a 3-min. immersion in a typical solution is 


states that at Glenn L. 


shown in Fig. 7 

“Oakite 844” is supposed to operate at a pH of 1.3; 
however, experience has shown it performs satisfactorily 
up to 1.8. 
this material, so the bath may be too spent to operate 
It follows that the only 
way to control the bath is to determine the surface 


Efficient “buffer” compounds are put into 





and still have the proper pH. 


Lontact Resistance, Microhms 














4 ° 
. Pee eer ae 
QO § 10 
Time of Treatment, Min 


Past waa: eee resistance of specimens after immersion in it. This 
— should be 
far 


done daily, at least This limitation as 


as pH determination is concerned — is typical of 


commercial deoxidizers, 


since most of them are well 





buffered. “Oakite 84A” 





Tubing of various corrosion resistant 
alloys can also be used to carry steam 
through the tank. Copper alloys, such 
as brass and bronze, are being used 
with what their users claim is com- 
plete satisfaction. In a conversation 
with H. Tignor of the Glenn L. Martin 
Co., the writer was informed that 
monel metal tubing is satisfactory; 
however, its service life has been 
improved considerably by fixing a 
piece of aluminum on it to provide 
anodic protection. Aluminum tubing 
is also satisfactory; alloy 3S would 
probably be the best. Baskets should 
be made of aluminum. 

Time, temperature, concentration 


is satisfactory for all sheet 
materials except bare 24S. 
At Armstrong Cork’s plant, 
the daily tests on the con- 
tact resistance of samples 
were recorded (Fig. 8) for 
two tanks, one treating 
alelad 24S-T, the other 
61S-W. The former became 
exhausted in 13 days. 





Effect of Tempera- 
ture on Cleaning Solution, 

“500 6 oz. Oakite 84A per gal.; 
° pH 1.30; 0020-in. alclad 
248S-T immersed 3 


Fig. 7 


Jemperatureé, ' 
min. 





of solution, and (strangely enough) 
thickness of sheet at least in thin 
\ graph of the contact 
microhms plotted against time of 
treatment in “Oakite S44” at 180° F. 
Fig. 6. The curves shown for the 0.040 and 


gages alfect the results 


resistance ir 


is shown in 


0.064-in. gages are typical of all satisfactory clean- 
In all 
the following discussions, whenever a solution is 


ing curves, subsequently to be described. 


described as “satisfactory” it will mean that it has 
a similar minimum of extended duration.) The 
curve for the 0.020-in. gage is not satistactory, for 
the reason that the minimum time for producing 
low contact resistance is of too short a duration; 
no shop can be expected to carry out satisfactorily 


Nonproprietary Cleaners 


In an effort to find a nonproprietary cleaner, 
Hess and his associates experimented with a large 
number of chemical compounds. They found that 
a simple solution of sodium acid sulphate, 
NaHSO,, at 180 +10°F., with 0.2 “Nacconal 
N-R” as a wetting agent, gave good results. The 
flat minimum on curves such as Fig. 6 was so 
very wide that it would seem almost impossible 
to overtreat aluminum sheet with this solution. 
Since this is unbuffered, its activity is a function 
of its pH; however, the range is very narrow, the 
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solution being satisfactory only between a pH of 
1.0 to 1.2. The authors give no data as to the 
durability of the solution in this range. Other 
acid sulphates also work well, but NaHSO, is the 
cheapest. A 1% solution of sulphuric acid with 
“Nacconal N-R” is also satisfactory at 180 
“10° F.; the curve of resistance versus time of 
immersion in this solution was quite similar to 
that for NaHSO,. 

All of the alkaline solutions tested were 
unsatisfactory. 

Bare 24S-T is difficult to clean in many 
solutions. Hot sulphuric acid and a 1 or 2° 
nitric acid solution at 180° F. are satisfactory 





Fig. 8 — Life of Commercial Oakite 84A 
Cleaning Solution, as Shown by Its Abil- 
ity to Produce Low Contact Resistance 
on Specimens of Two Aluminum Alloys 
When Immersed for Optimum Time 
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The latter is not critical as to composition It 
can also be used on alclad, but it is then some 
what better at a concentration of 3°. Tests in 
the 1% sulphurie acid at 180° F. (pH 1.05) and 
in the 1 or 2% nitric acid solutions at 180° F. 
show that the surface resistance of bare 245-1 
has fallen to less than 10 microhms within 2 min 
and remains at that figure steadily for immersions 
up to 30 min. This is true for sheets 0.020 to 
0.064 in. thick. 

A 10% phosphoric acid solution, used cold, 
was also satisfactory for bare 245S-T. 

It should be emphasized that all these remarks 
are based on laboratory experiments, which, as is 
to be shown later, may be quite different from 
production practice. 

(The conclusion of this article, discussing 
degreasers, room temperature cleaners, and 
commercial practices, will appear next month.) 
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A Proposal for Research in 
Metallurgy 


PHILADELPHIA, PA. 
To the Readers of Meta. ProGress: 

“A Proposal for Research in Metallurgy” by 
M. G. Corson, published in the January issue, 
seems to contain an unfortunate, and probably 
unintended, implication that an embarrassingly 
large sum of money will be presented to the met- 
allurgical profession, and that really something 
should be done with it. 

Actually, there is a great practical need for 
fundamental research, and it behooves every scien- 
tific worker to help as best he can to obtain 
financing and adequate direction of an extensive 
program of such research. 

Since the war, fundamental research has been 
pictured too often as free from all consideration of 
utility. It is true that it cannot be required to 
show an immediate and pressing connection with 
the practical problems of the day. The adminis- 
trators of fundamental research must take the 
attitude of Mr. Corson that the research cannot be 
directed so as to show a profit. On the other hand, 
the need for fundamental research, and its prac- 
ticality as a national investment, becomes evident 
immediately any effort is made to tackle any prac- 
tical research problem except on a wholly empiri- 
cal basis. The practicality of fundamental 
research is guaranteed by the research worker 
himself, who, in all but a few cases, is urgently 
inspired by the need-to-know, which springs from 
a need for knowledge. This urgent need-to-know 
is warrant that the knowledge gained will be use 
ful, without any prior consideration by an admin 
istrator of the practical application for the 
information it is hoped to develop. 

Mr. Corson cites the great need for funda- 
mental research in the theory of the properties of 
metals. Research of this kind, free from the pros- 
pect of immediate application in industry but 
promising great application in the future, requires 
the information on the constants of metals which 
he wants. The support for it is quite inadequate 
it present. 

The support for fundamental metallurgical 
research will not be forthcoming if metallurgists 
assume, as Mr. Corson appears to do, that a benev- 
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olent Congress, anxious to disperse public money 
us widely as possible, will hand over to the pro- 
fession some round sum, like $20 million a year, 
arrived at by estimating a “reasonable proportion” 
of 1 of the national income. 

It is apparent from the first that a program 
should be prepared without too much regard for 
how much money there may be. It seems to me 
that the subjects of the program should be listed 
in decreasing priority according to how much is 
already being done, with those fields in) which 
nothing at all is being done given the highest 
priority 

Next, it will be obvious that some categories 
require minimum expenditures if the work of 
financing them is to be justified at all, and if the 
funds available are not to be dissipated by work 
started but not finished. Third, the amounts of 
money Which can profitably be spent are definitely 
limited by the availability of qualified personnel 
For instance, it will be foolish to try to start pro- 
grams so lavishly financed that there are no com- 
petent teachers left in the schools. 

With such a program, pointing to the voids 
in our knowledge, and with a sensibly prepared 
hudget, the profession should attempt in’ every 
way to finance it, from any sources, public o1 
private, devoting the money as received according 
to the priorities outlined above. 

G. M. FoLey 
Leeds & Northrup C« 


Mr. Corson’s Reply 


It seems to me that the weakness of Mr. 
Foley’s counterproposal lies in the assumption 
that private industry can organize fundamental 
research. This will not happen in the future, 
any more than it has in the past. I do not know 
of a single American corporation, with a record 
of 30 years’ profitable production of a metal, that 
has organized a complete investigation of that 
metal’s characteristics. Even if it had, there is 
no assurance that all the cards would be put on 
the table; too often, facts that are unfavorable 
from a commercial viewpoint are suppressed. 

It follows, then, that such work should he 
done in national institutions, properly equipped 
with facilities and men full-time, competent 
workers, not postgraduate students. Likewise, at 
least three such institutions should tackle every 
problem, in order that the personal equation 


should approach zero. I would not expect any 


legislative congress or parliament to sponsor the 


fundamental scientific program I envision, but | 
do expect that some future President of — the 
United States and his cabinet will see the necessity 


for fundamental work in all sciences, and push a 
comprehensive program through the likely resist- 
ance ol Congress. 

Mr. Foley’s company is a leader in its service 
to industry and practical science. Unfortunately, 
even his and similar outstanding concerns, in oui 
economy, are not prepared for fundamental work 
They cannot do otherwise than switch to things 


“practical”. It is ingrained. 


The Chocolate-Vanilla Diagram 


ANNAPOLIS, Mp 
Tu the Readers of Merar Procness: 

The chocolate-vanilla ice cream phase dia 
gram, as shown in the accompanying sketch, was 
developed at the U. S. Navy’s famous Steerage 
Research Laboratories, located in Annapolis. The 
men responsible for this development are D1 
Christian of Cornell University and Dr. Thor ot 
the University of Arizona. As can be seen, the 
most important area lies at the vanilla end of the 


diagram. The chocolate end is of minor impor- 
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tance; the only commercially sound product is 
pure chocolate (B phase). The eutectic is, of 
course, chocolate ripple. An interesting feature 
of the diagram is the sloping solvus line. When a 
composition within the proper range is allowed to 
thaw slightly, into the a region (a solid solution 
of chocolate in vanilla), and is then cooled to a 
temperature below this line, flakes of chocolate 
precipitate out, forming chocolate chip. 

D. C. Linn 

Midshipman 

UL. S. Naval Academy 


Epiron’s Nott This interesting phase diagram 
vas printed originally in the Log, undergraduate pub- 
lication of the Brigade of Midshipmen, U. S. Naval 
Academy. When the Editor first read this report, he 
was tempted to verify Christian and Thor’s results. 
Perhaps some of the readers of Metal Progress will 
vish to do the same. 
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Improve FORMED Products 
BY USING DEEP DRAWING STAINLESS STEEL 


To fabricators of austenitic CHROMIUM-NICKEL 


stainless steel the properties of this metal offer: 


@ Ability to take severe deformation without rup- 
turing. 


@ Ability to retain toughness despite a deep draw. 
Final stress relief may often be omitted. 


@ Ability to provide smooth, corrosion-resistant 


surfaces, easy to clean and keep clean. 


@ Ability to cut bulk ard deadweight from a prod- 
uct without sacrificing strength or durability. 


Products formed of these silvery white steels impress 
one instantly with their beautiful “stainless” satin 


finish that adds to their sales value. 


Leading steel companies produce austenitic chrom- 
ium-nickel stainless steels in all commercial forms. 
A list of sources of supply will be furnished on 


request. 


THREE STEPS IN DEEP DRAWING 10-GALLON STAINLESS STEEL STOCK POTS 


Lalance and Grosjean Mfg. Co., Wood- The second draw 


haven 21, New York, producers of Cru- 
saderware, start with a circular blank of 
stainless steel .056” thick, such as the man 
holds, at the left. First draw produces 


the form pictured above. length of stroke. 


results in the above 
part. Hydro-Dynamic Presses, produced by 
E. W. Bliss Company of Detroit, are used 
for both first and second draw. They pro- 
vide controlled speed and pressure at full 


A mechanical double-action press makes 
the final draw, and the resulting product 
comes out with a beautiful, smooth sur 
face that resists corrosion, wear impact 
and abrasion. 


Over the years, International Nickel has accumulated a fund of useful infor- 
mation on the properties, treatment, fabrication and performance of engineer- 
ing alloy steels, stainless steels, cast irons, brasses and bronzes, nickel silver, 
cupro-nickel and other alloys containing nickel. This information is yours for 





the asking. Write for “List A” of available publications. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 WALL STREET 
NEW YORK 5, WN. Y. 
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BaW can supply you... 
SEAMLESS or 
WELDED 


...for your corrosive and high tem- 
perature services. Write for TDC 122 


which contains the composition of all 


these gradés. 


THE BABCOCK & WILCOX TUBE COMPANY 
General Offices: Beaver Falls, Pa. 
Plants: Beaver Falls, Pa. and Alliance, Ohio 


Seamless and Welded Tubular Products in a full range of Carbon, Alloy, and Stainless Steels for All Pressure an d Mechanica | Applicotions 
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PAE sms es 


- prevent dust and other foreign 

material injurious to precision optics from 

sifting down through eyepieces into prisms and 
nosepieces. Patented design of the housing 

features a Neoprene ring which makes contact with 
the top surface of the Porro prism. Prism 
assemblies are protected and kept dust-tight 

for the full life of the instrument. 


WIDER FIELDS 


Completely re-designed optical system 
in the Bausch & Lomb Stereoscopic 
Microscopes offer wider fields. 

You are given a larger area 

to examine without loss 

of critical focus ... full value 

in the realization of the 

three dimensional image. 

To appreciate this amazing 

difference you must see it! 


| otwer points 
OF SUPERIORITY 


No other instrument has so many superior 
features. Unsurpassed Bausch & Lomb Optical Engineering 
makes these the finest stereoscopic microscopes in the world. 


for free literature and demonstration. Bausch & Lomb 
Optical Co., 638-C St. Paul St., Rochester 2, N. Y. 
Bausch & Lomb Stereoscopic Wide Field Microscopes 
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SOME ASPECTS OF THE 





HARDENABILITY OF STEELS 





| APPRECIATE the honor of 
being invited to present the sixth Woodside 
Lecture before the Detroit Chapter of the American 
Society for Metals. In his earlier days, Mr. Wood- 
side practiced the art of heat treatment and he 
maintained a keen interest in the subject through- 
out his professional career. It would, therefore, 
seem to be appropriate once again to considet 
that essential component of heat treatment, the 
hardenability of steels, in the light of present 
knowledge 

The word hardenability may he defined as 
“the tendency of steel (when heated to temperatures 
high enough to provide the austenitic condition 
to transform, on cooling, to martensite essentially 
free from lower decomposition products” 

In this definition no reference is made to how 
hard the steel may become. The magnitude of the 
hardness achieved as determined by usual meth- 
ods of examination will, for.present purposes, be 
designated as “hardening capacity”. Hardenability 
is, therefore, concerned with the rates or manner 
of transformation of the austenite, while hardening 
capacity represents the magnitude of the hardness 
achieved 

The end point inherent in the concept of 
hardenability is a martensitic structure which is 
related to the critical cooling rate. Quenched 
steels which are characterized as “martensitic” 
almost invariably have some retained austenite, 
if cooled at the critical cooling rate or even more 
rapidly. With so-called “slack quenching” proce- 
dures they may contain one or more of the follow- 


ing constituents: ferrite, partially agglomerated 





By H. J. French 
\ ice-President 
International Nickel Co., Inc 
New York City 





carbides, inte rmediate-temperature transition 
products such as bainite and, except at greatly 
retarded cooling, an appreciable amount of 
austenite. 

It would be surprising if these constituents 
did not exert important influences on the mechan 
ical properties of quenched steels and upon the 
effects of tempering. In fact, it is well known 
that they do 
given to the role of austenite retained at cooling 
rates exceeding the critical than to the study of 


the structures and properties of slack quenched 


However, less attention has been 


steels. 

Quenching Diagrams The concept of critical 
cooling rate goes back more than 30 years to the 
work of the French metallurgist, Albert Portevin, 
first published in the Revue de Metallurgie in 1917. 
The idea of a lowering and splitting of the trans- 
formations (or “change points”) as the rates of 
cooling were increased has been incorporated in 
quenching diagrams similar to that reproduced 
in Fig. 1 for 0.96% 
“troostite” or 


carbon steel The term 
“primary troostite” used to 
designate carbide precipitation and agglomeration 
directly from austenite would now be replaced by 
the all-inclusive terminology “intermediate trans- 
formation products”. Diagrams like the one 
reproduced were published about 1930, and they 
showed one interesting feature which since has 
been largely neglected namely, that the hard- 
ness of the quenched steel reaches a maximum alt 


the critical cooling rate but is not appreciably 
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This point of view, while it 
may have been adequate, is 
not always metallurgically 
correct. It may therefore be 
of interest to examine it in 
detail, to determine why it 
has worked and wherein it 
may not be a tenable phi- 
losophy. 

Similarity in Mechanical 
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Properties The usual ten- 
sile tests, so widely used in 
engineering, fail quite gener 
ally to differentiate between 
different steel compositions 
It is now many years since 
Janitzky and Baeyertz? first 
showed that, for small sec- 
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1 were all very much alike 
with respect to their tensile 
properties at corresponding 
levels of hardness between 
about 200 and 450 Brinell, 
provided the steel and sec- 
tion were such that the crit- 


ical cooling rates could be 
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exceeded in oil or water 
quenching, so that through 


hardening resulted. 





Fig, 1— Quenching Diagram for 0.96% 
Quenched From 1610° F. 


magnification for samples etched with 2% nitric acid in alcohol* 


Carbon Steel 
Microstructures given at 500 


A comparable condition 
is found when considering 
fatigue on smooth polished 
specimens. In such tests the 





less after cooling at rates somewhat slower. Thus, 
the procurement of a given high hardness in 
quenched steels was long ago shown to be not 
necessarily indicative of freedom from = interme- 
diate transformation products in the quenched 
structures, and hence not a certain criterion of 
full hardening 
Hardenability Tests During recent years a 
comparatively small portion of the effort given to 
the study of the response of steels to quenching 
has been allocated to the direct determination of 
critical cooling rates. Instead, short cuts have 
been employed. While these have nearly all given 
highly useful information, they have contributed 
to a widespread and ready acceptance of the 
philosophy that so long as a given hardness 
response was achieved when quenching steels 
mostly independent of any appraisal based on 
the amount of martensite present) it made little 
difference how this response had been achieved. 


fatigue limits are roughly 
50 of the tensile strength, 
and fall within a fairly narrow scatter band at 
levels of hardness between 200 and 400 Brinell 

Notched-Bar Properties—In the case of 
notched-bar tests any equivalency of composition 
is much more restricted. Such tests whether 
under impact, as in the Charpy or Izod machines, 
or Whether made under slow bending or in tension 

are capable of uncovering differences in fully 
hardened and slightly tempered steels of various 
compositions yet of the same hardness, even 
though these same steels would be indistinguish- 
able by tests on unnotched specimens. Differences 
found in notched bar tests are considered to be 
important, because they show the reaction of the 

*From early work by the author and associates at 
the National Bureau of Standards. 

E. J. Janitzky and Mary Baeyertz: “The Marked 
Similarity in Tensile Properties of Several Heat 
lreated S.A.E. Steels”, @ Metals Handbook, 1939 
edition, p. 515. 


Metal Progress; Page 506 








Table I — Notch-Bar Properties of Several Steels both showed considerably 
at Different Hardness Levels higher notch strengths than 





the chromium steel, which in 

~~ 

TENSILE | RockWELL SAS. S500 " : pm turn showed notch strengths 
. - ——| S.A.E. 5140 | S.A.E. T1340 

STRENGTH | HARDNESS | Hear AA | Heat E-3 markedly above those of the 

manganese steel. Furthermore, 

Concentric Notch Strength 

200,000 - 285,000 280,000 265,000 265,000 

225,000 45 285,000 265,000 200,000 140,000 juctil TY tud | 

250,000 -4¢ 260,000 230,000 180,000 125,000 ductility. 1e magnitude o 


the steels with highest notch 
strengths showed highest notch 
275.000 Oi 235.000 200,000 175,000 125.000 the differences under discussion 
Notch Ductilits will, perhaps, be clearer from 
200,000 3.0 95 14 the tabular summary provided 
225,000 "4! 1.5 1.9 ! 0.2 in Table I. 
250,000 “46 0.8 0.7 0.1 The several steels used in 
275,000 -52 0.5 0.5 2 0.1 the experiments outlined above 
Eccentric Notch Strength were all oil quenched and tem- 
200,000 135,000 120,000 90,000 90,000 pered in a usual manner in 
225,000 : 115,000 100,000 60,000 40,000 sections close to 0.5-in. diam- 
250,000 “ 90,000 85,000 55,000 35,000 eter, but their structures as 
275,000 ool 9 70.000 65,000 55,000 35.000 








viewed under the microscope 
were not the same. The nickel 
steels with the highest notch 
metal under multi-axial stresses characteristic of strengths were martensitic and free from ferrite 





many service conditions which may cause ordi- and bainite. The chromium steel and the man- 
narily ductile metals to fail in a brittle manner ganese steel had small amounts of high-tempera- 

Charpy and Izod tests are sensitive to basic ture bainite which, in the absence of contrary 
changes in the properties of metals, but custom- information, might be assumed to have caused the 
arily they provide only energy values for com 
parison. Data of a corresponding nature can be 
obtained from slow bend or static tension tests 
of notched bars by multiplying the observed —- SAE. 2340 (Heat AA) f\ 
strength by values of ductility. However, the SAE 23490 (Heat 3) FF 
latter tests can yield information of even wider ——-SAE 5/40 } | 1 +\ 
practical significance. —-—-—GAE T1540 / AS 
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Notched tensile tests recently reported by 
Sachs and his associates* for several ternary alloy 
steels are reproduced in Fig. 2. All of these steels 
had similar but not identical Jominy hardenability 
characteristics 
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This work shows large differences in notch 
strengths between the different alloy steels (and 
even different heats of the same kind of steel) 
oil quenched and tempered to the same strength 
levels within the hardness range C-40 to 50, equiv- / 
alent to tensile strengths from about 200,000 to 7 t 
275,000 psi. The two melts of 342% nickel steel ! T 


“~ 
S 
NO 


=. * “tw 
/ E coentric. (Ya In \ \ 
; Notch ¢ 7 


Notch Strength, 1000 Psi 


Strengths | Y= 





, 

*G. Sachs, L. J. Ebert and W. F. Brown, Jr 15x Tensile Strengths 
“Comparison of Various Structural Alloy Steels by 
Means of the Static Notch-Bar Tensile Test”, Technical 
Publication No. 2110, American Institute of Mining and 4 | Concentric Notch 4 \\ 
Metallurgical Engineers, 1946 {amar somer neal 

















Fig. 2— Notch-Bar Properties as a Function of 
Tensile Strength Level for Various Alloy Steels, 50 100 150 
1ccording to Sachs and Co-Workers. See Table 1 Strength Level, 1000 Psi 
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lower test values. To check this, one of the nickel 
steel melts and the manganese steel were hardened 
in brine and tempered in smaller sections, 0.3-in. 
diameter, notehed 50°, and tested. Both 
now had fully martensitic with some 
retained austenite. As shown in Fig. 3, the nickel 
steel, 2340, showed notch strength and notch duc- 
tility superior to the manganese steel, T1340, at 
high hardness levels corresponding to static tensile 
strengths of about 200,000 to 325,000 psi. 


steels 


structures, 


The magnitude of this difference between the 
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Fig. 3 — Results of Concentric Notch-Bar Tests 
on Brine Quenched Medium-Carbon Manganese 
Steel and Medium-Carbon 3°: Nickel Steel 


Tempered at Different Temperatures (Sachs 





two steels, brine quenched and free from inter- 
mediate decomposition products, may be shown 
At a strength level 
of 300,000 psi. the manganese steel had a notch 
strength of only 162,000 psi., whereas the nickel 
steel showed 280,000 psi. more, At 
a somewhat lower strength level of 250,000  psi., 
the manganese 
200,000. psi 


by the following comparisons: 


some 70 


steel had a noteh strength of 


. and the nickel steel 325,000 psi. 


The 
mechanical 


conclusion that the 


structures 


may be drawn 


properties of martensitic 


with retained austenite (such as are encountered 
in medium carbon steels, when brine quenched 
may depend upon the composition of the steel 
Variations in notch 
two alloy 


which 


have been shown 
Fig. 3, 
but 


carbon 


strength 


between steels in and othe 


results, which are 


are available not 
that content itself 
a profound influence; reduction from 


a level around 0.45 


recounted here, show 


may exert 
C has a distinctly beneficial 
influence on the notch strength and noteh ductility 
at high hardness levels in alloy steels 


American Quenching Practice 
~ s 


It might 
sions of hardenability and the extensive literature 
on the subject, that nearly everyone would be able 


be assumed, from the wide discus- 


to select steels and treat them so as to provide a 
structure as-quenched, before tempering, consist- 
ing of full but 
investigations in this 
some surprising information 
Comments here will be restricted to the 


martensite and retained austenite, 


recent England and in 


country have given 


American 
experience 

Sixteen alloy steel parts were selected from 
important products of American industry and 
representative samples set aside after the quench 
but before tempering operation. These samples 
included parts such as automobile drive shafts and 
transmission tool joint pins, air- 


craft landing gear parts, bearing races, automotive 


gears, oil-well 
ring gears and pinions, aircraft engine connecting 


tool 
The steels from which these parts 


rods, die blocks, drill collars, machine forg 


ings, springs. 
were made included types commonly known as 
S.A.E. 4340, 4650, 3140, 4140, 5140, 6150, the S600 
series with carbon between 0.45 and 0.60, and 
340. Three of the 16 samples were carburizing 
steels, S.A.E. 4620 and 4320. 

The different: parts and 
examined under the microscope to determine the 
This was done by 
Brophy of the research laboratory, Inter- 
Nickel Co. The result. of 


these examinations was the finding that in only 


were sectioned 
quenched 
G. BR 
national 


structures. work 


SUPprising 


three of the 16 manufactured parts did American 
commercial quenching practice provide martensite 
free from the lower products of austenite decom- 
than 20 of the 
total of selected parts could be classed as through 


position. In other words, less 


hardened in their working sections 


If this is an accurate index of all American 


industry, it becomes important to compare differ- 
ent steels, not only after quenching at rates above 


the critical and tempering, but likewise on = the 
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determining what, if any, deterioration 
in service performance might result 
from the slack quenching these parts 





were obviously getting in production, 
H. J. French, one of the earliest metallurgists additional Charpy V-notch test speci- 


to study the quenching phenomena in a scientific mens were cut from each of the orig- 


way, and Past-President @, calls attention to the inal parts, these small specimens were 
: through hardened in the laboratory 

fact that steels with the same end quench hardness ; S : 

1 

| . 2 “hard bility”, j from the stated quenching temperatures 

curves (that is, the same “hardenability”, in present- 

. (chat is, the same eaienger . P used by the manufacturers, and then 

day parlance) may have much different toughness, tempered to the same hardness as that 


as measured by notch-bar tests at equal hardness achieved after the manufacturers’ quench 
and strength levels. This is true even though the and the later tempering in the lab 


steels may retain substantially equal amounts of oratory. 
\ few of these results have been 
incorporated in Table I to illustrate the 


austenite after the quench. Steels of good hardena- 


bility but poor toughness act well in service in those 
I & effects of slack quenching the different 
parts that are overdesigned, but when optimum 


steels. In most instances the parts 
properties are required in critical sections of important which were requenched to provide full 


machines or structures, the above factors must be martensite and then tempered show a 
considered. considerable improvement in mechanical 
properties. In the four examples com- 





prising the Table, notch values obtained 

were 15 to 36% higher after the lab- 

oratory retreatment. 
basis of the incompletely hardened or “slack The differences between full martensite with 
quenched” structures. To pursue this thought, retained austenite and the slack quenched 
the original 16 quenched parts were tempered in structures, when tempered, have been shown by 
the laboratory, using the same tempering temper- Griffiths and co-workers* in somewhat different 
atures and times for each as they were destined manner. In Fig. 4 the pattern of change on 
to have in production. After such tempering, tempering steels which have been transformed in 
Charpy V-notch specimens were machined from *W. T. Griffiths. L. B. Pfeil and N. P. Allen: “The 
Intermediate Transformation in Alloy Steels”, Second 
Report of the Alloy Steels Research Committee of the 
tests are included in Table I Iron and Steel Institute, London (1939). Special 

Slack Quenched Steels With the object of Report No. 24, Section Xl, p. 343. 


the parts and tested to secure an indication of 
biaxial stress behavior. Results for a few of the 


Table If — Notch-Bar Test Values and Structures of Four Steel Parts 
Taken From Commercial Production After the Quench 





Norcu-Banr SPECIMENS 
RETREATED FOR IMPROVE 
reMPERED MARTENSITE MENT IN 
_— STRUCTURI CHUARPY 
QvueNcH AND) Harp-) CHARPY Harp-| CHarpy Vauue 


Draw 
TEMPER Ness V-NoTcu Ness | V-NoTcu 


FuLL COMMERCIAL 
STEEL AND QUENCHED Heat TREATMENT 


1340; 
Drive 
shaft 
6150: Martensite with 
Landing ~x3'Sx10in small amounts 


— ws te Boa) 
Practically all 1675° oil; 65 to 70 
bainite 1100 
1600° oil: 


925 


l0toll 
gear of bainite 
R660; Small amount 


Coil ; of bainite in agence 
spring martensite vi 
3140; . . 1575° water 
Drill Surface area of Bainite and to 375°: 


614-in. dia. martensite 950 
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Fig. 5 (Above End Quench Hardenability of 
Three Steels Investigated by Troiano, Whose 
TTT Diagrams Are Shown on Page Sil 


Fig. 4 (Left Effect of Tempering on Steels 
Transformed in the Martensitic Range (Full 
Lines) and in the Intermediate Range (Dotted 
Lines), After Griffiths, Pfeil and Allen 





test value represented by the line A-A. The martensitized 
steel would provide a proof stress of C at a tensile strength 











of B. The same steel, initially transformed in the inter- 
mediate range, would provide a much lower proof stress E 
at the lower tensile strength D 





In his 1945 Howe lecture on “Toughness and Fracture 


the martensitic range is shown by the of Hardened Steels” before the American Institute of 


solid lines, and similar data for steels Mining and Metallurgical Engineers, Marcus A. Grossmann 
transformed in the intermediate temper- pointed out that the intrusion of ferrite at the grain bound- 
ature range are plotted in the dotted aries of the mother austenite in hardened steels caused an 
lines. The significant differences may be appreciable decrease in notch-bar test values. Isothermally 
illustrated by assuming a desired notch transformed samples, first austenitized at high temperatures 


to coarsen the grain, ruptured in the relatively 
soft ferrite. He thought that this was due, in all 


Table Il — Effect of Proportion of Soft Structural probability, to a low fracture strength of ferrite, 


Constituent on Notch-Bar Poughness of and to the fact that its opportunity for plastic 
Hardened S.A.E. 4140 Steel* : 
flow under stress was sharply restricted when 





Per CEN1 hemmed in by the surrounding hard martensite. 


rime Rock WELI ENERGY or FEeRRItTI Experiments with S.A.E. 4140 and 3140 steels 
AT 1300" F. HARDNESS F1-Ls. (PLus showed that toughness was not recovered in such 
» ) 
PEARLITE mixed Structures until the amount of precipitated 


None (direct ferrite reached some 30 to 50 by volume Steels 

quench) C-51 17,10 None with such large amounts of ferrite cannot be 

0to 1 min 51 16, 9 None 
5 min ol >», 3, 5 1 

10 min DOLD 


classed as “hard” or “hardened”, but clearly there 


is a radical reduction of notch-bar test values with 
9 


: - ' p the intrusion of the soft ferrite in small quantities 
JT 

‘ into the hard steel structures. This will be evident 

4 


ISF4P from the data listed in Table Hl 


20 min. 17 
40 min. 47 
1 hr. 12 


i 

1, 

4, 
2hr. 19 a 50 F +P From these and other results available, the 
6hr. 7 (B-88) 34, 3! 





st) 100F +P conclusion would seem to be justified that slack 








*Austenitized at 2100° F ak siete Winn Oe quenching is to be avoided if the best mechanical 
ustenl eC a - ee a c state 1e 0 

transformation at 1300° F., quenched in oil and then properties are to be secured. But a question 
tempered at 400° F. (W. K. Smith; reported by M. A. arises whether the deterioration from ferrite intru- 


Grossmann) 


sion, or from the mixed structures produced by 
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cooling rates slower than the critical, is 
equally bad in all steels and especially 
in those whose end quench hardness pat- 
terns are quite similar. This question will 
now be examined 


Transformation Modes* 


The isothermal transformation dia 
grams of three steels with comparable end 
quench hardness patterns will serve to 
illustrate the point that austenite decom 
position does not necessarily proceed in 
like manner in different steels, even though 
hardness patterns for end quench speci- 
mens may be the same. The three steels 
chosen for discussion had nominal com- 
positions of 0.40% earbon and the usual 
amounts of incidental elements. One con 
tained 3% nickel, the second about 1°‘ 
chromium, and the third 2 manganese 
for convenience designated as T1340 
steel). End quench hardness patterns 
are given in Fig. 5 while their isothermal 
transformations are shown in Fig. 6 

The three diagrams of Fig. 6 may 
appear to be closely related to each other, 
although they vary in one major respect 
from the isothermal transformation dia 
grams familiar to most metallurgists in 
showing, separately, the bainite and pearl 
ite transformations (both beginning and 
ending) at intermediate temperatures. But 
sharper inspection reveals that the three 
diagrams differ among themselves. Thus, 
at temperatures near and above 1000°1 
there are two sets of curves in the diagram 
for chromium steel, 5140, overlapping with 
respect to temperatures but separated with 
respect to times 

In the nickel steel and also in the 
manganese steel) diagram there is a more 
complete overlapping of the bainite and 
pearlite reactions both with respect to 
temperature and time, but the beginning 
and ending curves have forms which indi 


*The work discussed in this section was 


}+---+--—-+-- 


, ' t i done by A. R. Troiano and is reported in @ 

one wt Transactions, Vol, 41, 1949, p. 1093, in a paper 
entitled “Transformation and Retention of 
Austenite in S.A.E. 5140, 2340 and T1340 
Steels of Comparable Hardenability’ 





Fig. 6-——Isothermal Transformation 
Diagrams of the Three Steels of Fig. § 
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cate that austenite transforms completely by one 
means or another at all intermediate temperatures. 
As a specific example, decomposition of aus- 
tenite in the nickel steel at a constant temper- 
ature of 935° F., as shown in Fig. 6, starts in 
about 10 see.; the product is bainite and the pro- 
portion of bainite grows for about 20 sec. (total 
time, 30 see. at temperature). Pearlite then begins 
to form, along with the bainite, from the remain- 
ing austenite. Simultaneous formation of these 
two products continues until about 2 min. has 
elapsed since the initial quench; no more bainite 
forms, but pearlite continues to form from. the 
remaining martensite until all the latter has trans 
formed Cabout 380: min. total at 935° F.).* 
Overlapping of a similar nature (formation 
of two transformation products simultaneously 
is found in the manganese steel T1340 but at 
slightly higher temperatures. A condition corre- 
sponding to that described for the nickel steel at 
935° F. is found in the manga- 
nese steel at about L000" F. 


when each of these two steels is isothermally 
transformed at different temperatures throughout 
the range 600 to 1000°F. Total dilation and 
hardness both decrease in the nickel steel as the 
austenite is decomposed at progressively highet 
constant temperatures within the specified range 

In the chromium steel, the total dilation gen- 
erally decreases with increase in transformation 
temperature and so does the hardness at trans- 
formation temperatures up to about 900°F. At 
higher temperatures, the hardness again increases, 
due to the incomplete decomposition of austenite. 
At temperatures in the neighborhood of 1000° I 
the austenite is only partly transformed at the 
time the bainite reaction ceases for all practical 
purposes, but on cooling to room temperature 
the remaining austenite changes to martensite 
with a consequent increase in hardness 

As another example of the significance of the 
differences in mode of austenite transformation 





There are thus two essen- 





tial differences in austenite 
decomposition at constant inter- 
mediate temperatures between 
the nickel and the manganese 
steels, on the one hand, and 
the chromium steel on the 
other. In the nickel and man- 





ganese steels, austenite trans- 


2 
$8 
~~ 
<8 
s3 
S> 
se 
Sy 
Qs 
bx 
ZS 
Qe 











forms by the production ot 
bainite, and later by the simul 
taneous formation of peartlite; 
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the pearlite continues to form Fis. 7 

"ig. 4 
until the austenite completely 
disappears from the micro- 
structure. In the chromium 


Isothermal Transformation of Two Steels at 
Different Subcritical Temperatures, as Characterized 
hy Total Dilation and Rockwell Hardness 


Troiano 





steel, on the other hand, the 
austenite decomposition is 
incomplete at the time the transformation into 
bainite stops, for all practical purposes 

These differences are not readily apparent 
when considering only the TTT curves of Fig. 6, 
since the line representing the end of a reaction 
does not necessarily indicate that the transforma 
tion is complete, merely that reaction has stopped 
As one illustration of the significance of the two 
modes of transformation, there is given in Fig. 7 
for the 2340 nickel steel and the 5140 chromium 


steel a summary of total dilation and hardness 


* These statements can of course be verified by 
drawing a horizontal at 935° F. on the isothermal 
transformation diagram for S.A.E. 2340 in Fig. 6, and 
noting the times corresponding to the intersection of 
this horizontal with the curves plotted there. 


in the nickel steel and in the chromium steel, 
the following may be cited: When transformed 
isothermally at 775° F., the nickel steel gave a 
Rockwell hardness of C€-33 with 100% bainite, 
while the chromium steel transformed isother- 
mally at 825° F. gave the same Rockwell hardness 
but its structure contained soughly one third fresh 
The fresh mat 
tensite represented that portion of the austenite 
that did not transform at 825° F., but did trans- 


martensite, the balance bainite. 


form on subsequent cooling 

It may be concluded that the true harden- 
ability of these steels is not the same as would 
seem when only the hardness patterns obtained 
on end quench test bars are studied. However, 
while the isothermal decomposition of austenite 
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has been widely accepted as an indication of what 
happens during practical hardening, direct exper- 
imentation is more convincing. It should provide 
additional evidence that like hardness patterns in 
end quench test bars do not necessarily mean like 
structures, and therefore like properties. 


Notch Properties of Steels With Similar 
Hardness in End Quench Bars 


Parts of the end quench bars of each of the 
three steels just described were subjected to X-ray 
examination at intervals along the length to 
estimate the amount of retained austenite. The 
results of these examinations 
earried out by A. R. Troiano), while qualitative 
and dependent upon the interpretation of the 
observer, clearly indicated essential differences 
\ graphical summary 


which were all 


Fig. 8) was prepared by 
the author from Troiano’s data. 

Taking the results as a whole, the nickel 
steel and the manganese steel retained more 
austenite than did the chromium steel when 
cooled at given rates. The differences were rela- 
tively larger under intermediate quenching rates 
slack quenching con- 
ditions, represented by 


steels at cooling rates both above and below the 
critical, it follows that the mechanical properties 
need not be comparable in different steels with 
similar end quench hardness patterns 

Obviously, this point deserves more detailed 
investigation both with respect to the range of 
cooling rates represented in slack quenching and 
those cooling rates above the critical. 

The conditions described for different posi- 
tions along the length of end quench test bars are 
comparable to those found in the continuous 
cooling of specimens of different sizes, as is shown 
by comparing the data in the upper half of Fig. 8 
with those in the lower half 

‘+t some idea of what this structural 
difference means in terms of notch toughness, 
Charpy test specimens of each ot the three steels 
were quenched in oil; others were quenched in 
notched 


brine. They were tempered at 300° F., 


and tested. (Preliminary conditioning treatments 
comprised normalizing from 1650 to 1700°F., 
followed by a stress relief anneal and partial 
spheroidization by a 4-hr. heat at 1200 F., sub- 
sequently furnace cooled 
Following the quench, duplicate brine quenched 
samples were subjected to 
liquid air exposure alternat- 





zones | in. or more from 
the quenched ends of the 


600 72 19 


test specimens) than 


Equivalent Cooling Rate, F per Sec. 


ing with boiling in’ water, 
eveles designed to transform 
as much as possible of the 





when the cooling exceeded Continuous 
Free 


Cooling 


the critical rates for full 
hardening. Likewise, the 
slack quenched areas had 
much more austenite than 





was found in the fully 
hardened zones nearer 
the quenched ends. 


/0 7 a 5+ 4+ 4 
(Specimen Size | 


retained austenite. Five low- 
varied } temperature 30-min. expo- 


sures each were followed by 


2340 | | boiling for 15 min. in water 


and thereafter cooling to 
room temperature. 

In considering the results 
of Charpy tests on these 





\s shown previously 





| Jominy Test 
|- Specimens 


in Fig. 5, the hardness 
patterns along the end 
quench test bars were 
substantially the same in 


% Austenite Estimated by X-Ray 


the three steels under 
discussion (within plus 


or minus I to I's 





points 
on the Rockwell Cc scale) 
vet equal hardness did 
not insure like structures 


bars, attention will first be 
directed to the samples 
merely tempered at 300° F 
not refrigerated and boiled) 
Tempering at 300° F. com- 
prises a stress relief, but it 
will not decompose retained 
austenite or soften the mar- 


tensite. As is shown in Fig 


Jominy Distance, Sixteenths of Inch 9 (p. O14) the best notch 





with respect to the re- Fig. 8 — Retained 
tained austenite. If the 
presence of different 
amounts of austenite is 
accepted as having an in 
fluence on the mechanical 


properties of quenched 


properties in such samples 


lustenite Along the were developed by the oil 
Length of End Quench Hardenability 
Test Specimens, and in Quenched Steel 
Samples of Different Sizes, Plotted as a 
Function of the Cooling Rate at 1300° F. that this is the only steel 

Plotted From Troiano’s Results 


quenched nickel steel. Exam- 
ination of the micrographs 
at the top of the chart shows 


which, as-quenched in the 





Charpy bar section size, was 


{pril, 1949; Page 513 








Brine 
Quenched 
Specimens 
in This 
Row 


Oil 
Quenched 


specimens 


Fig. 9 Notch Properties of Three 
Steels Quenched in Different Ways 
and Tempered at Different 

peratures and Corresponding 
S00 


Tem- 
Vi- 
Brophy 


crostructures at 





completely martensitic (othe 
than some retained austenite 
It had no lower decomposition 
products 

The notch-bar 
of the oil 


steel were superior to those of 


properties 
quenched nickel 
the same steel brine quenched 
and tempered at 600° F. While 
no direct determinations of 
amount of retained austenite 
were made on these samples 
it is a reasonable assumption, 
elTects, that 


the brine quenched specimens 


based on known 
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tained 


smaller amounts of re 
did the 


samples Since 


austenite than 
oil quenched 
differences, 
austenite the 


itself is dependent on austenite 


and in condition of 


cluded that notch properties are improved, within 


limits, by 


increasing the 


This view is also substantiated by comparing 


sumples refrigerated before tempering with thos« 


not so handled Conversion of 


major part, of the austenite to alpha iron by cold 


treatment reduced the noteh-bar 


samples were first oil hardened or brine quenched 


perature 


deleterious effects of 


transition structures) on 


the 


structurally, are in the 


stress 


austenite 
steel quenched at rates above the critical 

some, uf 
values, 
intermediate 


the 
properties of quenched steels is illustrated by the 


two major 


data plotted for chromium steel As was shown 


retained earlier, this steel retains much less austenite than 
the the The 
micrographs at the top of the chart show that 
much 


which nickel steel ot manganese steel 


may be con 


there was more bainile (dark etching con- 


content in than 


cooled in. oil 
The 
the oil quenched samples may 
to the deleterious effects of this 
proportion of temperature 
this elTect 
benetits ol 


stituent) when this steel 


after the 
notch 


was 
more rapid brine quench lowel 
values for 
then be ascribed 
not a 


larger intermediate 


transformation products. Presumably, 
the 


retained austenite, because in this steel, as in the 


whethe1 is strong enough to counteract 


tem- nickel steel, exposure to low temperatures for 


notch-bar reduction of austenite resulted in an appreciable 


deterioration in noteh-bar values 
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Finally, it must be concluded that the com- 
position of the martensite (in addition to its car- 
bon content) contributes in an important degree 
to mechanical properties. This conclusion is war- 
ranted because the manganese steel (which, when 
oil quenched, has the benefits of a large amount 
of retained austenite) showed notch values much 
inferior to either the chromium or the nickel steels 
with respectively less and more austenite. 


Summary of Conclusions 


From these different illustrations the con 
clusion is inescapable that the selection of steels 
solely on the basis of the usual hardness test 
patterns in hardenability tests may be an inade- 
quate procedure where the optimum performance 
qualities are essential or desired. 

The successful commercial use and general 
acceptance of such hardening tests may” be due 
in part to the fact that optimum properties often 
are not required with current machine designs 
This view derives credence from the fact that, of 
numerous alloy steel parts taken from production 
heat treatments just after the quench, a majority 
were not fully hardened in the areas subjected to 
highest working stresses and, therefore, did not 
provide after tempering the best notch properties 
indicative of toughness, or resistance to brittle 
breaks under multi-axial service’ stresses. If 
inferior properties are adequate, a refined harden- 
ability test itself should not be needed 

The end quench test in its present form is 
still one of the most convenient devised But it 
crowds the greatest variations in cooling rates 
within a short distance of the quenched end 
hence it is not especially well suited to determine 
eritical cooling rates or tull martensitic harden 
ability Possibly some modification in) specimen 
shape, not vet adequately studied, would provide 
the means whereby the end quench test’ might 
more certainly determine critical cooling rates 
when such information is needed. 

The several alloy steels discussed in the fore- 
going pages all showed inferior properties when 
slack quenched as compared to the fully hardened 
condition, but there would appear to be differences 
in the extent of the deterioration dependent upon 
steel composition which deserve further study 

The three alloy steels, S.A.E. 2340, 5140 and 
T1340, when quenched at rates above the critical, 
and only slightly tempered, developed notch-bat 
properties which varied with the amount of 
Within the limits studied, the 
highest austenite produced the best properties. 


retained austenite 


The martensite and retained austenite of fully 
hardened steels, only slightly tempered, varied in 


notch strength and toughness with the chemical 
composition of the steel Much higher notch 
values were observed in a 3 nickel steel than 
in a 2% manganese steel having like hardness 
patterns in end quench tests and a similarly large 
proportion of austenite retained on quenching. 

It would seem to me that the opinions 
expressed above are not essentially at variance 
with the way in which most metallurgists now 
view hardenability and its testing, but IT hope the 
data presented may help to define some of those 
interpretations which are either not justified o1 
which may be misleading because they have not 
considered all of the metallurgical factors S 
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Frank 
Alloys of Iror 
appon ted 


directot ol 


Sisco &. 

Research, has bee 
director of the 
Foundation He 
direct Alloy of 


Research as well 


technical 
Engineering will 


Iron 
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E. F. Houghton & ¢ 
that R. J. 


named 
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Cleveland area 


Alexander L. Feild @ of the 
Division of 
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Institute of 
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degree 
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cience, 
“Rust 
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National Research Corp., Cam- 
bridge, Mass., announces that Robert 
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president 
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company 
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COPPER TUBE 


A VITAL FEATURE OF BRYAN BOILERS 
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PobutbaS 
Bryan Steam Boiler with housing removed, showing copper tubes. Bryan 


claims 75 pounds of steam in 15 min. from cold start, due to high heat conduc- 
tivity of the Revere tubes. Also made in low-pressure and hot water models. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, lil.; Detroit, Mich.; New Bedford, Mass.; 
Rome, N. Y.—Sales Offices in Principal Cities, Distributors Everywhere. 


HE big feature of the boilers made by 
the Bryan Steam Corp., Peru, Indiana, 
is that they use copper tubes. Another 
important item is engineered design to 
meet the requirements of the fuel, whether 
gas or oil. Let Bryan tell the story: 
“The Bryan Copper Tube Boiler 
was started with a double-barreled 
idea. The first part of the idea was 
that boilers could be made more effi- 
cient by using copper tubes. Copper 
transfers heat many times as fast as 
cast iron or steel. Heat from a fire is 
transferred through copper tubes to 
water in record time, and in a Bryan 

Boiler with minimum heat loss 

through the flue due to the design. 

“The second part of the idea was 
that if a boiler could be engineered 
expressly for gas or oil, the economy 
of operation would be such as to 
revolutionize the heating industry.” 

The first Bryan Boilers were a sensa- 
tion when offered over 20 years ago. 
Today they are made in a number of sizes, 
from domestic types to 50 hp high-pres- 
sure units for industrial uses. Revere 
Copper Tube is used. 

This is another illustration of a favorite 
Revere statement: ‘Copper is the metal of 
invention.” Revere =e not only several 
types of copper tube, but also other cop- 
per and copper alloy mill products, and 
will be delighted to collaborate with you 
in such matters as selection of the most 
suitable metal, and fabrication methods 
to be employed. 


Revere copper tube as fabricated by Bryan for 
boiler use. It is explosion-proof, because should it 
Rive after long service, water and steam escape 
harmlessly. A new tube can be installed in a feu 
minutes by anyone handy with tools 























Albert G. Haynes @ is 


. y . ant to the lect eal superintendent 
PRESGNALSC °° 2S 


now assist- 


Mathieson Corp., 





Wm. T. De Long @, formerly Stan W. Moulding & ha 
chief metallurgist of Induction Heat nternational Consulting 
Washingt 


foreign n 


ing Corp., is ) in the technical E rené rs, 
service section of the electrode divi clalize 


sion, McKay Co., York, Pa trial enterprises 


Kenneth L. 
M. Byron Shumaker @ ha reneral superint 
Aluminum Research Lab able o., Ltd 
rratories, New Kensington, 


After graduating from Penn State Morris 


oined the 
Pa., as ¢ with the Steel ¢ 
research metallurgist in the chemic: Hamilton, Ont His new positior 


metallurgy divisior is assistant to the vice-president 














QUICK-CARB 


oe 10 a 1° i °1°) 


Liguid Bath Carburizers 


Deep or light case your low carbon steels 

with the new, fast-penetrating Mitchell-Bradford 
Quick-Carb. It has a time-temperature case depth story 

of importance to every manufacturer who hardens steel. 
Whether the work is quenched in oil or water, it rinses 
quickly and thoroughly. QUICK-CARB, completely soluble 
in water, leaves blind holes, threads, crevices, and other 
hard-to-rinse surfaces whistle clean. Write today for 
complete information on No. 20, No. 40, and 

No. 60 QUICK-CARB Liquid Bath Carburizers 


1650°F. 
CLEANERS 


Mitchell-Bradford Metal Cleaners are spe- 
cifically formulated for ease and speed in 
wetting of soil, free rinsing and long life, 
complete emulsificaton of oils and greases, 

llent suspension of removed soil, and 
prevention of soil redepositing on cl d 
surfaces. There is a Mitchell-Bradford Metal 
Cleaner for your particular cleaning prob- 
lem. We invite your inquiry. 
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Time — Hours 


Penetration curves for carbon case 
on steels, usina No. 40 QUICK-CARB. 


MITCHELL-BRADFORD CHEMICAL COMPANY 
MODERN METAL FINISHES 
my 2446R MAIN ST. STRATFORD. CONN. I 


BLACK-MAGIC OXIDE BLACKING SALTS 


SILCO Gloss-Baose PROTECTIVE COATING 
WITCH-DIP & WITCH-OIL FINAL FINISHES 
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Mary Baeyertz @ has been named 


assistant chairman of the metals 


research department, Armour Re 
search Foundation, Chicago. Dr 
Baeyertz, author of the recently 
published A.S.M. book, “Nonmetalli 
Inclusions in Steel”, has been with 
the Foundation as senior metallur 
gist since March 1, 1947 


she was 


Previously 
ipervisor of research at the 
South work of the Carnegie-IIlinois 


Steel Corp 


Vincent J. Coppola 6, 


with the National Bureau of Stand 


formerly 


ards, has accepted a positior as 
instruc.or of metallurgy at Iowa 


State College, Ames, Iowa 
Max C. Farmer @ ha 


been appointed assistant chief of the 
metal working division, 


recently 


Aluminum 
Research Laboratories, New Kensing 


ton, Pa 


James B. Stein @ is now cost 
analyst with the research and mate 
Division, 
Wright- 


Dayton, 


riel section, Procurement 
Air Materiel Command 
Patterson Air Force Base, 
Ohio 


Frank L. Wright @ has beer 
appointed plant 
Norma-Hoffmann Bearings Corp., 
Glenbrook, Cont Mr. Wright has 


been with the corporation since 1932 


manager of the 


when he was appointed chief metal 
lurgist. He has been ass 
ince May 1948 


istant plant 
manager 


Liquid Glaze, Inc., Lansing, Mich., 
announces the appointment of John 
T. Ott @ as supervisor of its tech 
nical division. Mr. Ott was previously 
chief chemist of the Kaiser-Frazer 
{ orp 


Clyde R. Tipton, Jr., @, formerly 
Memorial Insti e, 


has joined the staff of the chemistry 


with Battell« 


and metallurgy division of the Los 
Alamos, N. M., Scientific Laboratory 
of the University of California 


After graduating from Purdue 
Donald F. Currier © 


department, 


James E. Brown @, formerly 
process engineer with the Carnegie 
Illinois Steel Corp., has been pro 
moted to claims and _ investigatior 
metallurgist of the Duquesne work 


Pittsburgt 


Michael L. Monack @ has beer 
transferred by E I duPont de 
Nemours & Co., Inc., from the Spru 
Richmond, Va., to the 
Wilmington office where he will be 


ance plant 


engineering materials consultant ir 


the engineering department 








f Aspergillus Niger or ‘Blue Mold 


acommon 


much profit are you losing to mold 
cause costly material waste and production 
delays by attacking lubricants and coolants 
making them go “sour.” 

Now 


with Dowicides, Dow's industrial germicides 


you can effectively control such losses 
and fungicides. Production men have learned 
to depend on Dowicides for extending the 
service life of cutting, grinding, rolling and 
Available in 


both oil and water types, Dowicides are par- 


hydraulic soluble oil emulsions 


ticularly suited to incorporation in industrial 


Dowicides 


Germicides and Fungicides 
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mold magr 


fied seventy times 


stop feeding your profits to fungi! 


How 


and bacterial action? These microorganisms 


oils and coolants to prevent attack by bac- 


teria and fungi 


Investigate Dowicides now. Protect your 


profits from the bugs! Complete laboratory 
facilities are maintained by Dow to help you 
solve your problems. Just contact your near- 
direct to Midland 


est office or write 


THE DOW CHEMICAL 


MIDLAND, 
New York « 
Cleveland . 
Houston « 


Dow Chemical of Canada, Limited 


COMPANY 
MICHIGAN 


Boston ¢ Philadelphia ¢ Washington 
Detroit . Chicago . St. Louis 
Seattle 


Canada 


Los Angeles « 


Toront« 


San Francisco « 
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John E. Seward @, formerly with 
Wisconsin Steel Works of Interna 
tional Harvester Co., is now with 
Jones & Laughlin Steel Corp. as a 
blast furnace practice engineer at the 
Pittsburgh works. 


H. B. Goodwin ©, formerly with 
the Kellex Corp., Silver Spring, Md., 
has joined the staff of Battelle Memo- 
rial Institute, Columbus, Ohio, as a 


research engineer. 


Charles Elson @ is now a metal 
lurgist at the industrial laboratory, 
Mare Island Navy Yard, Vallejo, 
Calif. 


James H. Cooper @ has been 
elected vice-president in charge of 
engineering of the McCord Corp., 
Detroit. He has been with the com 
pany since 1910 and has been works 
manager since 1935 


Joseph J. Warga @, formerly a 
development engineer at the Kimble 
division of Owens-Illinois Glass Co., 
has rejoined the Sperry Gyroscope 

, Great Neck, N. Y., as nonferrous 


standards engineer 


After graduating from Virginia 
Polytechnic Institute, James A. Steele 
@ has joined the General Electric 
Co. and is at present participating 
in its training program. 


E. E. Alpers @ joined the central 
foundry division of General Motors 
Corp. as a metallurgist on graduatior 
A reliable and economical source of melting pots ts found isis s z . ; 
' ‘ et from the University of Illinois 
m castings by Brake Shoe of Mechanite metal. Reliable 
because of Brake Shoe’s wide metallurgical knowledge and G. M. Snyder @ has been appoint 
ed vice-president and executive met 
: i ‘ allurgist of Woodings-Verona Tool 
. > Ce se Oo h > , } , 
ness and physical properties. Economical because of the Werkn, inc. Verena, Pa. Be islued 


company 1% years ago as exec 


thorough foundry techniques that protect structural sound- 


longer life expectancy of a sound casting closely matched the 
to its service. utive metallurgist, having previously 
In melting pots, Brake Shoe uses a type of heat-resisting _ ' v tallurgist for Carnegie-I}linoi 
Meehanite chosen to withstand constant heating, inter- a 
mittent heating and cooling, flame impingement and contact W. E. McKibben &, formerly witl 
with molten metals. Whether you require the type used for Alloy Engineering and Casting Co., 
‘ ; : : : . Champaign, Ill, has joined the’ staff 
melting aluminum or that for melting lead or zinc, pouring of epncaibents Geemads dite, Guat, a 
type or holding type, count on these castings to resist pre- Army, Ft. Leslie J. McNair, Wast 


mature cracking, warpage, growth, oxidation and corrosion. ington, D. ¢ 

A list of available sizes and prices will be sent you on Ernest G. Kendall @ has beer 
reqnest. appointed instructor in metallurgical 
engineering at the Polytechnic Insti 


tute of Brooklyn, N. Y 


7320 Arthur M. Lennie ©, formerly 
industrial consultant for the Univer 
BRAKE SHOE AND sity of Wichita Research Foundation, 
CASTINGS DIVISION has been appointed to the marketing 


230 PARK AVENUE, NEW YORK 17, N. Y. and development division of Armco 
Steel Corp., Dayton, Ohio 
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Au vou all at sea about alloy steels? Do vou want you in their application, send for a copy of our 
help in using them? Give Carnegie-Ilinois a hail recently published book “U-S-S Carilley 


We can show you how to keep from going adrift And when vou're ready for specific, practical metal- 


Steels.” 

amid the counth ss TV pes ot alloy steels now avail- lure il assistance that’s based on the latest experti- 

able, how to chart a sate course in selecting the ence with allo steels, isk one of our service metal- 

proper type for any job that requires high service lurgists to drop around, 

perlormance and low maintenance costs, how to treat 

the steel in your shop to get best results in fabrication 

and in operation ARNEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH & CHICAGO 

OLUMBIA STEEL COMPANY, SAN FRANCISCO 

TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 

TATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST TOCOAST 
UNITED STATES STEEL EXPORT (OMPANY, NEW YORK 


lo find out what the fine allov steels we produce 
have to offer vou, Now thes differ one trom the 


other, and why we are in the best position to assist 


arilloy Steels 


ELECTRIC FURNACE OR OPEN HEARTH 


COMPLETE PRODUCTION FACILITIES IN CHICAGO AND PITTSBURGH 
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Flame hardened molds 
last longer... 
produce higher packing quality 





Harry hoerner and Steve Smith, 
Airco Representatives, worked with 
the Morley Company in devising a 
special oxyacetylene flame hardening 
operation to increase the service life 
of the molds. Two revolving, adjust- 
able-speed table set-ups were used to 
accommodate symmetrical and cir- 
cular steel surfaces up to 24 and 64 


inches in diameter. Each set-up in- 


cluded three Airco flame hardening 


Pe, 


Morley Machinery Corp.,Rochester, N.Y .. 
was asked to solve a problem for their cus 
tomer, the Garlock Packing Co., Palmyra 
N. Y. This firm is engaged in the manufa 

ture of mechanical packing made of a 
rubber composition. The steel molds used 
in the process were wearing out too fast, 
causing unwarranted expense and trouble 
to them 


torches and tips for hardening the 
molds. Depth of flame hardening 
was controlled to about 1/16” on the 
lips and faces of each set of molds. 

The Garlock Packing Co., expressed 
extreme satisfaction with the process; 
they found that the treated molds 
not only lasted far longer than before, 
but produced a higher quality of 
packing. This resulted in more eco- 


nomical service to the packing users. 


a 


TECHNICAL SALES SERVICE — ANOTHER AIRCO PLUS-VALUE FOR CUSTOMERS 


O assure is customers o MY efhictency in appitcalions o ke Oxyacely 
I f t f hich eff il licat f th t 


lene flame or electric arc, 


/ 


fir Reduction has available the broad, practical 
/ 
experience of its nationuide Techniia 


Sales Divison personnel. The co! 


ective experience and knowledge of these specialists has helped thousands 


oamore ef 


Plus-V alue”™ service. 


‘ 


ective use of Airco processes and products. Profit by this Airco 
; 


Lk ito have a Technical Sales Division man call today 


Write: Your nearest Airco office. In Texas: Magnolia Airco Gas Products 


Company. On West Coast 


fir Reduction Pacific Company. 


Gikco) AIR REDUCTION 


Offices in Principal Cities 


Headquarters for Oxygen, Acetylene and Other Gases 


Gas Welding Apparatus and Supplies 


Carbide 


Arc Welders, Electrodes and Accessories 


Gas Cutting Machines 
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RADIOGRAPHY 


CAN PROVIDE 
INSIDE INFORMATION 


This is the example illustrated—a casting of cobalt- 
chromium-molybdenum alloy. It consists of a 1/16-inch 
vane extending from a 2-inch block 


With million-volt x-rays on Kodak At 250 kv, another radiograph on At 25 kv, a microradiograph is made 
Industrial X-ray Film, Type M, the Kodak Industrial X-ray Film, on a Kodak Spectroscopic Plate, Ty pe 
base of this dense casting shows Type M, reveals a threadlike struc- 148-0, through a .005-inch section 
fine structures that add up to a ture extending from a cavitv near eut from the casting. At SON enlarge 
gross defect. The high contrast and the end of the vane. Here, too, high ment, the extremely high resolution 
low graininess of this film show contrast and low graininess are essen- of this photographic material shows 
clearly the size and character of the tial, and vet the film has adequate a rectangular array of ervstal growth 
defect. speed for reasonably short exposure. in which the lighter tone is inter- 

preted as a molybdenum-rich phase 

This is indicated by the relative 

opacity of molybdenum t raves 


emphasized by the low kilovoltag 


RADIOGRAPHY IN MODERN INDUSTRY 


A wealth of invaluable data on racdhograplic prim 
RAplOGRAPEY , 
oo SeDERE ieeesTET practi and technics. Profuselv thustrated wit 
graplis colorful draw igs diagrams, and charts 


copy from vour local x-rav dealer price -) 





EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 


nnn _- Kodak 
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9. “Report to the Members of 
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tube cc ielleaaadeia - if . 10. “Some Observations of Spot 
nace was built by “ Weld Consistency in Aluminum 
Holcroft in 193¢ ‘ Alloys”; by W. F. Hess, R. A. Wyant, 
and is still produ Lo gt B. L. Averbach, and F. J. Winsor; 
ing efficiently. The bee x Welding Research Supplement to 
furnace at right ; Ee | ce: ¥ Welding Journal; V. 25; April, No 
shows the simpli $; (1946); p. 201-s to 222-s 

of the Holcroft ae .< ~ . “An Investigation of Spot 
ant-tube installation ’ y Bd on < 

' Se Test Specimens. Part I 

Comparison of Specimen Types and 
Dimensions Alclad 24S-T 0.020, 0.040, 
0.064 Inch in Thickness”: by W. F 
Hess, R. A. Wyant, and B. L. Aver 
bach; Welding Research Su ple ment 


, « to Welding Journal; V. 21; Mareh, 
oe "Applied by | No. 3; (1942) 113 


-- i-s to 119-s. 





2 CS - sh cm # fA &. 12. “An Investigation of Spot 
, < Bf | Weld Test Specimens. Part II 

Comparison of Specimen Types and 

Dimensions 12S8-%H Alloys”; by 

in 1936 for W. F. Hess, R. A. Wyant , and B. L. 


Averbach; Welding Research Supple- 


LARGER FURNACE CAPACITY | ment to Welding Journal; V. 21; 


March, No. 3; (1942); p. 119-s to 


uith GREATER ECONOMY | 122-8. 


13. “Welding and Brazing Alcoa 
Al ! it 28 pages, 1947. Ah 
Lntroduced by Holcroft in 1936, radiant-tube heating rene 25 pages, | Alu 


minum Co. of America, Pittsburgh, 
of continuous furnaces solved the problem of constructing Pa. 


larger, more durable furnaces for controlled-atmosphere heat 14. “Survey of Chemical Cleaning 
treating. This development made possible the high-produc- Practices for Spot Welding Aluminum 
tion furnaces of today. | Alloys’; by F. M. Morris; Welding 
Research Supple ment to Welding 
Journal; V. 24; January, No. 1; 
(1945); p. 61-s to 64-s, 
Gas, oil or electric firing may be used, whichever is 15. “Preparation of Aluminum 
Alloy for Spot Welding”; by T. E. 
most economical. Piper; Welding Journal; V. 21; Octo- 
“® Combination oil-gas burners are available, with | ber, No. 10; (1942); p. 661-664. 
quick changeover provided. 16. a va — ficiency’ : 
| by Ss ong ne ( . Steware 
“SA Holcrott burners are of closed-head design. Air and Weldine Moras ch Supolemes “y rs 
fuel are metered, and are progressively mixed as they | Welding Jo sal V. 28: April, No 
pass through the tubes. This assures both maximum | 4; (1944); p. 170-s to 184-s. 
combustion efficiency and the uniform heating required 17. “Fatigue Strength and Related 
for maximum tube life Characteristics of Aircraft Joints 


<S Part I Comparison of Spot-Weld 
‘= 1 
The burner design permits floating control, with the and Rivet Patterns in 24S-T Alclad 


same superior performance at all rates of heat input. | Sheet — Comparison of 24S-T Alclad 


®All tubes are readily replaced without cooling the fur- and 758-T Alclad’; by H. W. Russell, 
nace; and electric heating elements are replaced without i KR. Jackson, H. ¢. Grover, and 
W W Beaver: NACA Wartime 
removing the tubes Report W-56 (Originally issued a 
These are but typical of the many advantages provided NACA ARR No. 4FO1) 
by Holcroft engineering leadership. Each Holcroft furnace is ' bc “s be a = — . a 
designed individually for its specific application, and com- ‘1 ~~ ~ an ‘Alley: hn me 348 ." 
plete metallurgical and engineering service are pro- v | aa R. A. W meant 
vided. Thus Holcroft assures maximum over-al] economy and H. C. Cook: Welding 
in production heat treat furnaces for EVERY purpose. eseare ipplement to Welding 


a = Halertft ano COMPANY a toes 
Wi Sererores oes PRODUCTION HI AT) TREAT IRNACES FOR EVE: iv? ‘eras \ tor hun n Alloy 
TEST EPWORTH BLVD. DETROIT 10, MICHIGAN 
CHICAGO CANADA HOUSTON sdwards; 1 us & Met 


CH MARTIN. A A ENGELHARDT WALKER METAL PRODUCT TD Re MCARDLE 
PEOPLE AS BLE WALMERVILLE 4 NAVIGATION BLVD 


As applied by Holcroft, this heating method offers the 
following advantages: 











Veetal Progress: Page 5214 








Since 1940, when Great Lakes Steel pioneered the application of 
high-tensile, low-alloy steel to cold-stamped automobile bumpers, 
there has been a growing trend to N-A-X HIGH-TENSILE steel in the 
automobile industry. 

Today, every car manufacturer is using the inherent better proper- 
ties of N-A-X HIGH-TENSILE steel for some part of his automobile 
Bumpers and grilles—hoods and fenders—body panels and deck 
lids —frames and bracings—wheels and hub caps represent a few of 


many applications of N-A-X HIGH-TENSILE steel to the modern car. 


N-A-X HIGH-TENSILE MEETS ALL REQUIREMENTS OF S.A.E. 950 


GREAT LAKES STEEL CORPORATION 
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HIGH- TENSILE street 


N-A-X ALLOY DIVISION + DETROIT 18, MICHIGAN 
Unit of National Steel Corporation 
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MICRO-HARDNESS 


INDENTER 


For Use With 
Conventional Table Model Microscopes 


FOUR OUTSTANDING FEATURES 
VERSATILE 


ACCURATE 


COMPACT 


LOW COST 


DESIGNED FOR EFFICIENCY AND ACCURACY 


\ 


Hardness Indenter shown mounted on vertical 


luminotor of 


onventional type metallurgical microscope 


ERB & GRAY 


SPECIALISTS 
SCIENTIFIC & OPTICAL 
INSTRUMENTS 





EXCLUSIVE DISTRIBUTORS 
854 So. Figueroa St 
Los Angeles 14, Calif 
Phone TUcker 6327 
TUcker 1209 
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LOW-TEMPERATURE 
PROPERTIES OF Al* 





THE AUTHORS investigated the 

mechanical properties of high 
purity aluminum (0.11¢ Si) and 
two aluminum alloys, apparently of 
commercial production. One alloy 
contained 2.8% Mg and 0.37% Mn, 
the other 2.29% Mg and 2.04% Mn. 
The test specimens were all of 
round section, taken from rolled 
material rensile tests were made 
at three temperatures 68, 76 
and 297° F. Fatigue tests were 
run at +68, 67, 102 and (for 
pure aluminum) 250" FF. Tensile 
data included the yield strength at 
0.2% elongation, true stress and 
actual strain up to the point wher« 
necking started, ultimate tensile 
strength, final deformations, and 
true stress at fracture. The latter 
was determined in tension-impact 
tests on notched specimens. 

Low temperature has slight ef 
fect on the yield strength. Down 
to 76° F. it does not greatly affect 
the resistance to further plastic 
deformation, but at 297° F. that 
resistance rises rapidly. For the 
30% Mg alloy the homogeneous re 
duction in area about 15% is 
not affected by temperature. 

Three diagrams show the effects 
of temperature on tensile propet 
ties. The final reduction in area of 
pure aluminum remains constant; 
other characteristics increase as 
the temperature decreases. For the 
3 Mg alloy, the tendency to uni 
form plastic deformation does not 
increase, while the final reduction 
in area increases to 76° F. and 
Strength 
characteristics increase at an accel 
erated rate 

rhree S-N diagrams show that 
the fatigue limit hardly changes by 
as much as 10 (13.000 to 14,000 
68 and 102° F, for 
the two alloys. For pure aluminum, 


decreases to 297° F. 


psi.) between 


the fatigue limit apparently re 
ains low (less than 5000 psi.) at 
ill temperatures down to 256° I 

Most important in this paper is 
the description of the apparatus, 
Which is rather ingenious and prob 
tbhly could be used at even lower 
temperatures rhe source of the 
cold was liquid air and the test 
specimens themselves were sul 


(Continued on p. 528 


* Abstracted from “Ts g 
lic Materials at Low Temperature”, 
by Karl Wellinger and Artur Hof 
mann, Zeitschrift fiir Metallkund: 
Vol. 39, 1948, p. 233 


r Metal 








It is know-how, gained by diversified product experience and 
research, that equips us for the quantity production of top quality 
metal powder parts. 


Just as important as knowing how to apply the art of powder 
metallurgy is to know when not to. That knowledge leads us to 
refuse orders to produce any part that cannot be made advantageously 
and economically by the metal powder process. 
Of course, we gladly accept orders for items that meet our three 
basic requirements for efficient production : 

e The shape must permit good die fill and proper density. 

e The required physical properties and tolerances must be 

within the range obtainable in normal factory production. 
e The quantity ordered must be sufficient to justify the 


initial tooling costs. 


What we mean is... we accept orders only when we know that 
the customer will be sure to obtain lasting satisfaction. 





DIVISION OF GENERAL MOTORS, DAYTON, OHIO 


i 
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More customers say this of Warren Service every SYMBOL 
day — because our greatly expanded production OF 
of Butane and Propane is rapidly satisfying the SERVICE 
growing demands of regular customers and the 

needs of the many new ones who have turned OFFICES 

to Warren for a tine product in reliable supply TULSA OKLAHOMA 
With the only exclusive LPG ocean going tran FT. WORTH « HOUSTON 
port, almost 1700 high pressure tank cars, seven 

big storage terminals, and production trom MIDLAND, TEX + DETROIT 
over 40 plants, Warren Service can, we are MOBILE + NEWARK 
sure, continue to be the most “DEPENDABLE MT VERNON ILLINOIS 





LOW-TEMPERATURE 
PROPERTIES OF Al 














STANDARD or SPECIAL 


SPECIFY Thermo ~ Couple. 


Our standard thermocouples are used in 
many industries Metal Working. Air- 
eraft, Chemical, Oil, Plastic, Ceramics. 





Glass. Many were specially designed for 
specific applications and have now been 


adapted as standard equipment. wh 


Whether standard or special, we can 
meet your demands for Thermocouples. 
Quick Coupling Connectors, Connector 
Panel Boards. Thermocouple Wires. 





Lead Wires, Protection Tubes, ete. 


Write for your copy of our 34 page Catalog, Reference H. 


ermmo_ ELECTRIC CO. 
ji FAIR LAWN,N.J. 
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(Continued from p. 526 
rounded by a noncorrosive organic 
mixture that remained liquid at the 
temperature of the test and would 
not evaporate rapidly even at room 
temperature. 

Unfortunately, no tables were 
published and it is impossible to 
judge whether the data were aver- 
ages of a number of tests or the 
results of single tests 18 tensile 
and 56 fatigue tests. 

The authors make a theoretical 
excursion into the relations among 
erystal structure, mechanical prop- 
erties and temperature, taking zine, 
aluminum, copper and iron as a 
basis for generalizations. Their 
sketches look quite appealing, but 
it might be well to remember that 
great differences exist among beryl 
lium, titanium, magnesium and zine 
(all hexagonal), between copper 
and rhodium or iridium (all face 
centered cubic) and between iron 
and sodium or tungsten (Call body 
centered cubic). 





PEARLITE* 





ils is a continuation of an eat 

lier article, which was a general 
study of the erystallization of 
eutectics. In this latest paper, the 
author used for the original mass a 
single grain of austenite transform- 
ing to pearlite. To simplify the 
mathematics, the transformation Is 
idealized to a “stationary” process 
with a plane reaction interface 
After making a number of assump 
tions, the author obtains four dif 
ferential equations having five 
unknowns and twelve numerical 
coefficients. 

It would have been worth the 
trouble to carry through the in- 
volved computations if the results 
had been in agreement with the 
known magnitudes. But the author 
has to state that his maximum com 
puted velocity is probably about 
100 times too small, and this dis 
crepancy cannot be attributed to 
errors in the measured values of 
transformation velocity or inter 

(Continued on p. 530 

*Abstracted from “Calculation of 
the Velocity of Eutectic Crystalliza- 
tion, Illustrated by the Example of 
Pearlite”, by Erich Scheil, Metall- 
forschung, Vol. 1, 1946, p. 123 
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This fixture brazes caps on seam- 
less tubing to form 200 dashpots 
per hour, at 1/5 the previous cost. 
They were formerly deep drawn. 


Bushings are brazed on six different 
cam assemblies and crank arms 
with this fixture—production rate 
160 per hour. 


This water bath fixture brazes the 
hollow shaft to the arm without 
annealing the hardened key on the 
end of the shaft, at 200 per hour. 


This fixture selectively anneals 
three points—later drilled—on a 
hardened shaft at 800 per hour. 
Two different shafts are handled 
by adjusting the coil positions. 





09 QOUVPERENT FARTS 
GKALZEO ANO ANNEHLLO 
SLITER, (ASTER, CHLAFER 


using ONE Westinghouse 5-KW RF Generator 


New proof of the amazing versatility of 
Westinghouse RF heating is given by 
production data from the Victor Adding 
Machine Company. At their Chicago 
plant, 15 different parts are now being 
brazed or annealed using a single 5-kw 
Westinghouse RF generator and four 
guickly interchangeable fixtures. 

Very substantial savings and greatly 
increased production rates are resulting 
from their use of this up-to-the-minute 
production tool. Brazing operations are 
cleaner and without distortion. This 
localized heating—inherent with RFE 
heating—is used to advantage in brazing 
these parts without annealing adjacent 
hardened areas. And from an over-all 
standpoint, they report these four big 


advantages: 


1. Simplification of assemblies 


2. Reduction in number of operations 


PLANTS IN 25 CITIES... 


3. Eliminati 


merly required 





of detailed inspection, for- 


. High output of good quality, using un- 
skilled operators. 


These diversified uses are another case 
where a single RF generator and simple 
fixtures make it an economical produc- 
tion tool—again proving that whether 
your production is in large lots—or 
quantities of miscellaneous parts—RI 
heating is the answer to many of your 
brazing, soldering, hardening and an- 
nealing problems. 

What Westinghouse RF heating has 
done for the Victor Adding Machine 
Company it can do for you. Get the facts 
today. Call your local Westinghouse 
representative, or write Westinghouse 
Electric Corporation, P. O. Box 868, 


Pittsburgh 30, Pennsylvania. J-02160 


OFFICES EVERYWHERE 


Westi ghouse RF HEATING 


RF Generators from 2 to 200 KW 








AMPCO CL 0 PEARLITE 
il k | | (Continued from p, 528) 
can really take if. any. (Continued from p. 528) 


cludes that the diffusion velocity 
must be considerably higher at the 


Exceptional strength... ts reaction interface than 
e e e ! b urbed crystal. 
high fatigue limits... wear 


. The author then presents a 
— . 


resistance and resistance y / hypothesis for transformation, ac 


cording to which the original aus 


ie) impact . tenite will transform first into two 


transitional austenites, one of low 
carbon content, the other of high 

—just the material for your carbon content. These will, in turn, 
transform to ferrite and cementite 

tough jobs! respectively. The author states that 


such a process may be applicable to 





in an undis 


Possibly you don’t make or use heavy presses. But the intermediate (bainite) reaction 

probably you do have jobs for Ampco Metal — tough in alloy steels. A similar, more 

jobs where you need the same superior performance P expik = ae quo for beinik 

that Ampco Metal gives in these press applications. nian nas een prepene Ne 

E. P. Klier (Transactions, A.1.MLE., 

*Ampco 24 Extrusion Punch Outlasts the : : Vol. 158, 1944, p. 394; and Vol. 162, 
Best Steel 10 to 1 , — 


The extrusion punch at the right extrudes a 54” 





hole to 314," diameter in a heavy gauge steel water 
heater head. The best steel punches produced 6600 IMPACT OF 25° Cr-Fe* 
pieces maximum. With the new Ampco Grade 24 


punches runs of 65,000 pieces became average. 





TP uIS very brief report contains a 
Ampco Bronze in the Press itself! Gocumented statement of great 
importance: Low-carbon 25 C1 
iron can be improved markedly 
by vacuum remelting. In the quench 


annealed condition, an alloy having 


Bronze eccentric bushings — Ampco Grade 
12 Bushings, centrifugally cast, provide a 
wear-resistant eccentric bearing lining that : 
gives maximum heavy-duty service originally an impact strength of 1 
Bronze wrist-pin bushings — Ampco Grades m-kg. per sqecm. developed a 
18, 18-23, or 20 centrifugally cast bushings strength of from 28 to 34 m-kg. per 
withstand extremely heavy loads without 
mushrooming. (Ampco field engineers will 
be glad to recommend proper grade.) 
Bronze-lined guides — Ampco 8 Sheet used 
as liners (gibs) give maximum life with of mereury) to eliminate most of 
minimum wear under varying conditions of the carbon, oxygen and nitrogen 
load, speed, etc 


sq.cmu. (probably equivalent to an 
Izod value of at least 150 ft-lb.) by 
remelting in a vacuum (0.001 mm 


Chemical compositions before 
Bronze liner and locking nut — Ampcoloy ind after 
F-123 (centrifugally cast) affords up and 
down adjustment of shutting height without 
galling and with minimum wear. 


vacuum remelting were 
BEFORE AFTER 
Carbon 0.035 0.005 
Manganese 0.005 0.005 

Chromium 25.2 24.9 
Sulphur 0.005 0.005 
Oxygen 0.060 0.002 
right for your production and maintenance needs Nitrogen 0.058 0.002 
too — produced by the method best suited to your , 7 
requirements: sand or centrifugal castings, sheet, Recarburizing to 0.03560 C re 
extruded rod, etc. See your nearby Ampco Field 
engineer for specific recommendations m-kg. per sq.cm., and after nitrid 
AMPCO METAL, INC. ing to 0.2160 N the 

MILWAUKEE 4, WI 

West of the Rock “ — the prey A Plant, was 11.6 m-kg. per sqecm., a rea 
Burbank, Calif. sonably good value but much lower 


These few examples illustrate some of the diffi- 
cult jobs which Ampco alloys handle with ease 
You can select a grade of Ampco Bronze that is 











duced the impact resistance to 1.25 








impact strength 


® 


Tear out this coupon and mail today! than that of the purer alloy. 
It is interesting also that the 
vacuum melted alloy could be 


forged to a reduction of 75 even 





AMPCO METAL, INC., Dept. MP-4, Milwaukee 4, Wis. 
FRE Cost- Send me FREE literature giving complete information regarding 
cutting Ampco Meta! and Ampco Bronze Alloys! 


s though no manganese was added 
information on Name Position 


dependable Ampco Company *Abstracted from “Improvement 

of the Impact Resistance of Ferriti« 
Address mneove Alloys Containing 25°% Chromium by 
City . . =e a ) State... 7 Vacuum Melting”, by J. Hochmann, 


Comptes Rendus, Vol. 226, 1948, p. 2150 


Bronze Alloys! 
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You will find it a practical and profitable advantage to 
secure your Cold Finished Bar requirements from 


Bliss & Laughlin. Ine. 


You get more than good steel. You also receive friendly and 
cooperative service and counsel to help insure the best result 
in fabricating that steel into finished parts. 


Our technical field men will gladly enter the picture at the 
blueprint stage ... to work with your plant men in selecting 
the proper steel grades . . . in determining heat treating pro- 
cedures . . . and in working out special machining problems 


In the competitive days ahead. you will appreciate the efforts 


of B&L engineers to help you improve your product and 
reduce costs. 


COLD FINISHED BAR STEELS AND SHAFTING 


General offices: HARVEY, ILLINOIS 
Plants: HARVEY, ILL. * BUFFALO, N. Y. © MANSFIELD, MASS. 
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"106%," OD x 16” ID with Notch 15” x 8”. Weight 7645 Ibs 


STAINLES: STEEL PLATE 
“Ae Delivered” by 


G. 0. CARLSON, INC. 


Nothing “extra special’’ about this large 
pattern cut diameter from G. O. Carlson, Inc., except — our customer 
received 7645 Ibs. of stainless steel in the most economical form for sub 
sequent fabrication. 

This Type 430 powder cut diameter, which was delivered flat to a tol- 
erance of 3 16” is just one example of the specialized Carlson service 
which is saving time and money for users of Stainless steel plate in any 
size up to the world’s largest, produced to chemical industry standards in a 
complete range of analyses 

The Carlson organization covers the nation — stainless steels exclu- 
sively. Your inquiry will be given our prompt attention. 


CARLSON, mc. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS e BILLETS « BARS « SHEETS (No. 1 Finish) 
Warehouse distributors in principal cities 
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PARTICLE SIZE OF 
TUNGSTEN POWDER* 








F A fine grain size is required in 

cemented carbide products, the 
raw materials must have a small 
particle size and each stage of 
manufacture must be planned to 
inhibit grain growth. It is neces 
sary to have, thus, an accurate and 
rapid method of determining pat 
ticle size distribution if the quality 
of “hard-metal” products is to be 
controlled on a production scale 
From this point of view, the au 
thors have investigated methods of 
determining particle size distribu 
tion and have also studied) varia 
tions in particle size in the various 
Stages of manufacturing cemented 
carbides from the original tungstic 
oxide through to the sintered alloy. 

The methods investigated were 
fa’ the sedimentation balance; ¢1 
the Richardson turbidimeter (4 
a gross method employing the 
Spekketr ibsorptiometer which 
gives a value for the ecifie sul 
face; (dad) opty il microse opy at ooo 
diameters; and (¢¢ electron micros 
copy at 5000 diameters. 

In all the methods, the difficulty 
of completely dispersing the parti 
cles was a primary Cause of error 
It was concluded, in this connec 
tion, that determinations by optical 
microscopy could not be used as a 
standard; all that could be done 
was to standardize conditions to 
obtain reproducible results Because 
of these aggregates of particles 
none of the methods alone is suit 
ible for accurate size distribution 
measurements on tungsten powders 
The most promising rapid method 
seems to be an improved turbidim 
eter, coupled with a greater 
knowledge of aggregation and sedi 
mentation phenomena and of the 
ibsorption of light by particles. 

For the interim, a determina 
tion of the surface irea by the 
Spekker instrument was adopted 
for measuring particle size, supple 
mented by optical microscopic ex 
unination for shape and size range. 
Both the Spekker method and the 
turbidimetric method suffer fron 
an insecure theoretical foundatior 
vet for the types of powders exal 
ined, both appear to give the cor 
rect order of size over the range 0.1 

(Continued on 134 

*Abstract of “The asurement 
f Grain Size of Tungsten and Tung 
ten Carbide Powder Used for the 
Manufacture of Hard Metal”, by H 
Burden and A. Barker, J val, Inst 
tute of Metals, Vol. 7 1948, p. 51 








Two ways TIMKEN seamless tubing 
hollow parts 


cuts costs on 


a 0% 
: pe 2 


1. No hole to bore 


lhe first step in production is already finished when you 
use Timken’ seamless tubing instead of bar stock for 
making hollow or ring-shaped parts. There's no hole 
to bore, less waste stock to pay for. Elimination of drills 
on automatic machines often leaves space for other 
tools, sometimes speeding production as much as 
200 per cent! 


limken seamless tubing offers you a range of sizes 
up to 10%” O. D., covering a wide variety of re- 
quirements. Rigid control throughout every step in 
manufacture results in steels of fine forged quality 
and refined grain structure, with uniform machin- 
ability and heat-treating. This means a better product 
for you, with fewer rejects and increased customer 
satisfaction. 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 





ipril, 1919: 


2. TIMKEN ' tube engineering service gives 
you the most economical tube size — 
guaranteed to clean up. 


When you make use of Timken tube engineering 
service, you can be sure of minimum machining time— 
maximum saving of metal. That's because the Timken 
tube engineering service takes full responsibility 
for giving you the most economical tubing for your 
particular job—and guarantees that it will clean up to 
your dimensions. We take all the risk! 


This guaranteed service is made possible by the 
outstanding uniformity of Timken tubing and by the 
largest assortment of roll sizes of any mechanical 
tubing mill in the country. Get details of this service 
now—without cost or obligation. The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, 
Ohio. Cable address: “* TIMROSCO”, 


Specialiste in alloy stee including h ld finished alloy 
steel bar s complete range of stainless, graph snderd ¢ 


and alivy and stainless seam 
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ey FLUXES 


FOR SILVER BRAZING 


ly 


THE AMERICAN PLATINUM WORKS 


i / 4 / 
Schianerws aud VHauukacturen 


231 NEW JERSEY R. R. AVENUE 
NEWARK 5, N. J. 


Vetal Progress: Page 531 





PARTICLE SIZE OF 
TUNGSTEN POWDER 





(Continued from p, 532 
to 10 microns. The Spekker method 
has a further disadvantage that 
only the specific surface is meas 
ured. rhe fact that a complete de 
termination can be made in 10 min., 
however, is believed to more than 

outweigh these disadvantages. 
rhe results show how tungsten 
behaves during processing. The 
four types of powder, having spe 
cific surfaces of 322, 1760, 4720 and 
14.500 sq.em. per g., respectively, 
were converted to tungsten carbide 
and sintered with 6.25 cobalt, 
under conditions chosen separately 
for each powder to give the highest 
hardness. The hardnesses achieved 
were Rockwell A\-88.3, 90.8, 91.2 
ind 91.7, increasing as the powder 
became finer Ihe hardness obvi 
usiy depends « the particle size 
While the investigation was ir 
progress, large quantities of the 
four tvpes of tunaste powder were 
used for producti work, and 
their behavior was « sistent with 
the laborator sult The ethod 

thus. ¢ be rec ended for e« 

tre f hare ‘ | ducti ind 
ches of powder 
mat a useful par 
hardness of ce 
cdsthe surtace 
carbide powder 
riginal tungsten 

tablished 








NITRIDING* 





Te ARTICLE begins with a gen 
eral examination ’ nitriding 
rate f nitt en absorption 
lorease ith the temperature but 
nust be kept at a « paratively low 
figure lest nitvides of tron begin to 
dominate Iron nitrides forn 
locally and 1 ipidly, embrit 
thing the surface without increa 
the hardness 
To obtain a lave 
required at 1040°T 
» TH 1 it O70 1 
f the danger of for 


pre 


the process must be 
ow and O70 | ina 
se can be obtained 
feasible time An 

ny 36 
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SEND FOR COMPLETE INFORMATION, FREE 


O bett Ch larl i i Complete descriptive information about 
ye -r serve you, tase ‘4 ¢ c 2§ TOU 
I a je ceguiatey procuce Chase Free-Cutting Brass, Bronze and 


in 10 non-leaded alloys, 7 leaded alloys and 2 Copper is yours for the asking 


... it’s time you saw Chase! 


ee 
eee 
+ 


| 


. 
eee 
eee, 
. 
eee 
eee. 


*e. 
Pee. 


tellurium-bearing alloys of the highest quality. In 


| hoo 
tee 


this group alone you can probably find severa/ an- Ghnee Gane 8 Gene Oo, On. 


swers to your copper alloy rod problems. Waterbury 91, Conn 


Please send me Free-Cutting Brass, Bronze, Copper 
Book; () Weight Chart; Decimal Equivalent Cord; 
() Chort of Free-Cutting Copper Alloys; Tellurium Cop 
per Book; () Telnic Bronze Book ; Phosnic Bronze Book 


However, suggestions for special problems are 
readily available from our Research and Engineer- 


ing Departments. sean 


Why make it tough when Chase makes it so Address 


simple? Start now to get what you want in a high 
J £ City State 


quality copper alloy rod. Call Chase today! ee a ee ee ee ee a ee ee ee eee ee ee eee 


The Nelo Headguarlers for 
C h ase BRASS & COPPER 


WATERBURY 91, CONNECTICUT SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


THIS 1S THE CHASE NETWORK. hondiet! way to buy brass 


ALBANY? ATLANTA BALTIMORE BOSTON CHICAGO CINCINMAT! CLEVELAND DETROIT HOUSTON AMAPOLIS KANSAS CITY, MO. LOS ANGELES MILWAUKEE MINNEAPOLIS 
WEWARK WEW ORLEANS NEW YORK PHILADELPHIA PITTSSURGH PROVIDENCE ROCHESTER! SAN FRANCISCO SEATTLE ST LOUIS WATERBURY (tindicotes Soler Office Only) 
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“FALLS BRAND” ALLOYS 


AMERICA’S LARGEST PRODUCERS OF ALLOYS 


“FALLS” MANGANESE COPPER 


Manganese copper is used principally for 
the introduction of VMlanganese into brass. 
bronze and nickel silver. [t is supplied in 
the form of shot or bars that can be cut to 
any reasonable weight that the user may 
require. 


GRADE “A” will conform to the 
following compo- 
siticn: 

Manganese 28.5 to 31.5% 
Total Impurities 0.5°7) Maximum 
Copper Balance 7° 3 

GRADE “B” will conform to the 
following compo- 
sition: 

Manganese 25.0 to 30.06, 
Total Impurities 3.0 to 5.00; 
Principally Lron 


( Opper Balance 


FALLS MANGANESE COPPER is also 
used for deoxidizing brass. white nickel 
casting alloys and nickel silver containing 
lead. As well as being an active deoxidiz- 
ing agent Manganese has great affinity for 
sulphur and this combined with its ability 
to absorb gases makes “FALLS” MAN- 
GANESE COPPER a very important 


alloy for use in the foundry. 


WRITE FOR COMPLETE DETAILS 


Smelting & Refining Division 
Continental Copper & Steel Industries, Inc 
BUFFALO 17, NEW YORK 
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NITRIDING 





(Continued from p, 534) 
ionized atmosphere stimulates the 
nitriding process but the author 
gives no detail about the methods of 
producing such an atmosphere and 
the results obtainable. 

In a shallow layer the hardness 
obtainable in) chromium-aluminum 
steels is considerably higher than in 
chromium-vanadium steels, but the 
difference is not so great in thick 
layers. 

Besides the definite advantage 
gained because of the high wear 
resistance of the nitrided laver, ni 
triding is advantageous in increas 
ing the corrosion resistance of 
ordinary and low-alloy steels in 
water and humid air It has the 
opposite effect) on stainless steel 
The advantage gained in fatigue re 
sistance is much greater Nitriding 
produces a compressive stress in the 
outer fibers of steels, and for this 
reason the maximum tensile stress 
under alternating load is lowered 
considerably A more nearly uni- 
form stress distribution toward the 
neutral axis results. The fatigue 
limit is raised by 28 to 55% for un- 
notched specimens and by 64 to 
130% for notched specimens of vari- 
ous steels. The S-N curve is shal 
lower and the damage region greatly 
narrowed, Steels containing molyb 
denum in addition to chromium and 
vanadium (no aluminum) show a 
greater fatigue resistance when ni- 
trided and are somewhat less sensi- 
tive to shock. 

Nitriding is particularly benefi 
cial where rotating parts of heavy 
machinery are subjected to gripping, 
which causes the formation of a 
finely disintegrated layer of metal 
that oxidizes rapidly. With ordinary 
steels this can be prevented only by 
a high polish of the surface after 
heat treating. Nitrided steels need 
not be polished; they can be used 
as received. 

rhe main drawback to nitriding 
is that the steel is sensitive to shock 
in transportation and during instal 
lation If fissures form they can 
be counteracted somewhat by repol 
ishing the damaged part or by 
repolishing followed by anothet 
nitriding. 

Finally, the author examines 
specific parts for which nitriding is 
of great advantage and also some 
where it has a negative effect. Nuts 
and other threaded surfaces are 
examples of those that should not 
be nitrided, because the sharp cor 
ners are likely to be too brittle. 

















CLAD METALS 


If you don’t use the “‘inside’’ of the gauge thickness 
in your applications for expensive-metals strip, have 
the core of plain steel—and save money! With 
SuVeneer Clad Metals, you get the dense, solid 
surface of stainless, copper, nickel or monel, bonded 
inseparably to low carbon strip steel on one or both 
sides. You get the performance you need, at lower 
cost. @ Write for the detailed facts. 





Superior Steel 
mel S20) 7 Bene), | 


CARNEGIE, PENNSYLVANIA 





“Lubricates the Overspray” 


is Number ONE on the HIT PARADE 


NORTHWEST Water Wash Compound for paint spray booths actually “lubricates the over- 
spray” ... there are other products to break down the paint... but with NORTHWEST 
Number ONE each particle of paint is coated with a non-volatile solvent. And as it 
hits the waterspray it can’t stick to the back curtain or any of the eliminators. The 
booth keeps clean and the sludge remains floating for easy skimming ... What nails 


down the Number ONE place on the HIT PARADE though is both lowest material and 





maintenance costs ... Let our technicians consult you on this or any of your other clean- 


ing problems. . . there are thirty-five standard Northwest products in this field alone. 


Electrolytic 
Immersion 
Solvent 


ooo0o0d | 


NORTHWEST CHEMICAL co. 


9310 ROSELAWN AVE. eX DETROIT 4, MICH. 


‘32 
pioneers in pH cleaning control—serving you since 
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INDIANAPOLIS, INDIANA 


REVOLUTION 


IN DIE CASTING! 





New Lindberg-Fisher 2 Chamber Melting Furnace rev olutionizes 
die casting methods. Typical users throughout the country say 


Floyd J. Kamin, President, Kamin Die Casting & Mfg. Co., 
says In this job our new Lindberg-Fisher Induction Melting 
Furnace turns out twice a ich work as a conventional gas fur 
nace with the same melting capacity—and rejects have decreased 
65%. We operate continuously, and we find that cost is actually 
less than with a gas furnace of the same melting capacity 


Edward L. Kornayzer, Kamin Plant Supt., says: “The for 
nace operates much cooler and operator fatigue is practically 
eliminated.” 


Roe d, President, Reed Metal Crafts, says: “We're 
more than d with our Lindberg-Fisher melting furnace 
We've orde another and plan to install more in the future 


The Chief Engineer of a well known Chicago manufacturer 
of aluminum d zine die cast products says: “Working condi- 
tions for our operators have been greatly improved because of 
lower temperature in the immediate area of the furnace. Fur 
nace «hell is so cool that you can touch it with bare hands. We 
also find that molten metal is noticeably cleaner and dross loss 
is considerably reduced 


Here are some of the many reasons why you, too, will want a 
Lindberg-Fisher 2 Chamber melting furnace in your plant 





Double Chamber permits simultaneous cold metal charging and 
ladling confines impurities to the charging chamber pro- 
vides gentle magnetic fluxing reduces metal losses 

“Channel Flushing,’ new patented feature flushes channels twice 
a minute eliminating channel clogging. Automatic temperature 
control is amazingly precise— permits the lowest possible cast 
ing temperatures. Cool operation improves working conditions 
W rite for the address of the Lindberg-Fisher installation near 
est you. See the furnace in operation, hear for yourself how the 
men who run them feel about this revolutionary new furnace 


LINDBERG -Fishts vonnaces 


Lindberg Engineering Co., 2448 W. Hubbard St., Chicago, Ill. 


CHICAGO, ILLINOIS 
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CENTRI-DIE 


rRADE-MARK 


Illustrated above is a cross section of 
the metal ring shown in the photo 
graph. Notice how three rings of 
intricate cross section have been 
grouped inthis one cylinder to conserve 


Lebanon’s CENTRI-DIE 


process of centrifugal casting a uniform 


metal. By 


metal structure is assured through- 
out each ring as finally machined. 

A booklet describing this new cast- 
ing process and the alloys adaptable 
to CENTRI-DIE production is yours 
for the asking. 


LEBANON STEEL FOUNDRY « LEBANON, PA 
In the Lebanon Valley 


a NEW 
casting process | 
which assures 


greater 


uniformity 


of metal 


structure 


Some Advantages of the CENTRI-DIE Process 
of making centrifugal castings 


1. Higher quality castings of greater den- 


sity. resulting in decidedly enhanced 
physical properties. 


2. Readily achieved production of assorted 


parts and complex structural shapes which 


cannot be cast satisfactorily by static methods. 


LEBANO 


ALLOY AND STEEL 


3. Uniform strength throughout—a char- 
acteristic which does not apply to forgings, 
as no flow lines exist in castings 

4. The use of alloys which are difficult or 
impossible to forge, opening the door to 
applications hitherto considered impracti- 
cal or too costly. 
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TTHE eleven papers reviewed here 

constitute Section II, Part (a) 
of the “Symposium on Internal 
Stresses in Metals and Alloys”, pub- 
lished by the Institute of Metals, 
London, 1948. The first section of 
this symposium (Measurement of 
Internal Stresses) was discussed in 
the February issue of Metal Prog- 
ress, p. 242. 

The first paper in Section II, by 
E. Orowan, considers the classifica- 
tion and nomenclature of internal 
stresses.* He suggests that we talk 
about body stresses and texture 
stresses, instead of macrostresses 
and micro or tessellated stresses, 
because macro and micro do not 
properly define the situation, and 
tessellated is rather awkward. 

Most of Dr. Orowan’s discussion 
refers to texture stresses, whereas 
the metallurgist is interested prin 
cipally in the body stresses. 
Orowan divides the texture stresses 
into six groups: those caused by 
incomplete gliding and by kinking 
(a theoretical conception), those 
caused by variable grain orienta 
tion, boundary stresses between the 
grains, martensitic transformation 
stresses, precipitation stresses, and 
thermal stresses between constit- 
uents as a result of unequal expan- 
sion or contraction. 

F. R. N. Nabarro reviewed four 
theoretical papers on “tessellated” 
stresses published by F. Laszlo in 
the Journal of the Iron and Steel 
Institute. Such stresses change 
from grain to grain and even within 
individual grains. The review be- 
gins with the statement that such 
stresses may appear even in an- 
nealed cubic metals while the 
applied stress is still within the 
limit of elasticity, because the mod- 
ulus of elasticity varies from one 
direction to another. But, in this 
reviewer’s opinion, the important 
thing is the limit of elasticity, and 
this has scarcely ever been investi- 
gated in relation to the crystallo- 
graphic direction of the applied 
stress. At any rate, it is stated (on 
theoretical grounds) that such 
stresses might amount to 35% of 
the applied stress. 

Of more interest are Laszlo’s 
(Continued on p. 540) 
*Epitor’s Notre: While on the 
subject of nomenclature, we may note 
the British preference for the term 
internal stress, which, according to 


the 1948 @ Metals Handbook, p. 8, is 
a “misnomer for residual stress’’. 
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resistant to the high temperature, it 
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fabricated and can be joined with 
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When you START 
with TUBING 


you end up with 
LOWER COSTS 


%* You pay only for a minimum of metal 
%* You get desired strength with less weight 
* You have two usable surfaces — outside and inside 


%* Fabrication is often simplified 


a cold drawn metal tubing in sizes up to %” OD is constantly 
being used to advantage and in many applications to replace solid 
stock. Products as diversified as wrist watch bands, soda dispensers, 
machinery parts, and wiring connectors are benefiting by Superior’s 
ability to produce tubing in Carbon and Stainless Steels, Nickel and 
Nickel Alloys, Beryllium Copper and other special alloys—to exacting 
specifications at costs that are helpful to you. 


Why not take stock of your material specifications ? When you replace 
with Superior tubing you have everything to gain. 


‘SUPERIOR TUBE COMPANY 


2008 Germantown Ave., Norristown, Pa. 
For Superior Tubing on the West Coast, call 


PACIFIC TUBE CO., 5710 Smithway St., Los 
Angeles 22. Cal. Angeles 2-215! 
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ideas — rather incompletely repro- 
duced by Nabarro regarding in 
tergranular stresses in polyphase 
systems and within grains carrying 
a precipitate or forming a colony 
(pearlite). It is, however, a purely 
mathematical examination based 
on rough assumptions and operat 
ing with constant and isotropi« 
elasticities against differences in 
thermal expansion. Here the re 
view of Laszlo’s computations be 
comes too brief and unsystematix 
to permit further abbreviation. 
Very few figures of the magni- 
tudes of the possible stresses are 
reproduced and the probability of 
these figures being correct is not 
discussed. The reader must repair 
to the original papers by Laszlo 
and to the other papers given in 
the bibliography in order to get a 
fair understanding of the subject 
Maurice Cook’s paper on the re- 
lation of composition to stress- 
corrosion cracking in copper alloys 
(11 pages, 40 references) is a clear 
statement of the situation existing 
at the time his paper was written,* 
but seems out of place in the sec- 
tion of the monograph dealing with 
the origin of internal stresses. 
The paper by H. Elliss on inter- 
nal stresses in steel castings (8 
pages, 19 references) deals mainly 
with generalities concerning the 
way in which internal stresses 
might originate in castings. Con- 
siderably more precise and instruc- 
tive are his “Notes on Hot Tearing”. 
It is this reviewer's considered 
opinion that foundry researchers 
put too much emphasis on develop- 
ing means to eliminate stresses and 
hot tearing, and too little emphasis 
on the quantitative study of the 
phenomena involved. It is all right 
to talk about the use of fillets, but 
the important thing is to find how 
great these should be to eliminate 
stresses. It is all right to state that 
the sand should not be packed too 
(Continued on p. 542) 
*Epitor’s NoTeE: For more recent 
data on this subject, the reader may 
consult “Influence of Composition on 
the Stress-Corrosion Cracking of 
Some Copper-Base Alloys”, by D. H. 
Thompson and A. W. Tracy, Journal 
of Metals, Vol. 1, Sec. 3, p. 100-109 
(Feb. 1949). Thompson and Tracy 
studied oxygen-free high-conductivity 
copper, tough pitch copper, and binary 
copper alloys containing up to 40% 
Zn, 0.9% P, 1.2% As, 1.0% Sb, 4% 
Si, 30% Ni and 8% Al. 
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Qa U . | C be | N G Oo | L Looking for a faster, more efficient quenching oil? One 


that combines high cooling rates with extreme stability 

and the capacity to maintain its quenching power over 

long periods of time? Need an oil that will quickly 

develop maximum physical properties of a steel without danger of 

distortion or breakage? Then you'll do well to get the facts on Park No. 

—t. Coots work rapidty in high 200. It’s a new “accelerated” type quenching oil developed expressly to 

somperature ranges cool steel faster in the upper temperature ranges. In quenching action, 

2. Removes heat slowly, uni- its vapor stage is short, its boiling stage intense. Then its final stage of 

fermly in low temperature cooling is slow and uniform to give your work best surface hardness 

oy and depth of hardness penetration without danger of warping or crack- 

; pas ~ meer Bo cans — ing. Extremely stable . . . not subject to breakdown, saponification or ran- 

eat : cidity. Suitable for use as a quench from any heat treating medium. Highly 
4. Lessens danger of warping es . one . 
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alloy steels. See your Park representative or write for complete details. 
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request. Send for your copy today. 
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HOW YOU SAVE, 


Getting Drier Compressed Air 


@ Direct saving in the cost of cooling water saves the price of the Niagara 
Aero After Cooler (for compressed air or gas) in less than two years. 

Extra, for no cost, the drier air gives you a better operation and lower 
costs in the use of all air-operated tools and machines, paint spraying, sand 
blasting or moisture-free air cleaning. Water saving also means less expense 
for piping, pumping, water treatment and water disposal, or you get the 
use of water elsewhere in your plant where it may be badly needed. 

Niagara Aero After Cooler assures all these benefits because it cools 
compressed air or gas below the temperature of the surrounding atmos- 
phere; there can be no further condensation in your air lines. It condenses 
the moisture by passing the air thru a coil on the surface of which water 
is evaporated, transferring the heat to the atmosphere. It is installed out- 
doors, protected from freezing in winter by the Niagara Balanced Wet 
Bulb Control. 


Write for complete information; ask for Bulletin No. 98 


NIAGARA BLOWER COMPANY 


Over 35 Years of Service in Industrial Air Engineering 
Dept. MP 405 Lexington Ave., New York 17, N. Y. 


District Engineers in Principal Cities 
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hard and that the cores must not 
be too hard either, but the real 
thing is to find, by systematic ex 
perimentation, how hard the sand 
and the cores should be for any 
given casting. It would not be too 
difficult to test the molds, cores and 
coupons taken from various spots 
in experimental castings in order 
to get an idea of the stresses and 
the hot tearing, so that the subject 
might be presented on a quantita 
tive and illustrative basis. 

J. E. Russell’s paper on the 
stresses in large masses of steel 
cooling from the austenitic region 
(11 pages, 13 references), although 
of limited scope (eutectoid steel 
only), presents a clear analysis of 
the stresses that can arise ii 
quenching and in austempering 
and that can be calculated if the 
necessary physical constants (spe 
cific heat, heat of austenite decom 
position, thermal expansion, 
modulus of elasticity and Poisson’s 
ratio) are known for any tempera 
ture up to the eutectoid point. The 
temperatures themselves can be 
found as a function of the distance 
from the center by an equation 
involving diffusivity and the tem- 
perature-delaying effect of the 
transformation of austenite. This 
latter can be computed from aux 
iliary curves derived from the iso 
thermal transformation diagrams 
Ten graphs, in which the calcu 
lated stress is plotted as a function 
of time, indicate the relations be- 
tween thermal stresses and trans 
formation stresses in quenching 
and in austempering. The author 
states that the needed data are too 
poorly known and that it is a ques 
tion whether ferritic steels could 
be analyzed in the same manner 

A. W. Hothersall’s paper on 
stress in electrodeposited metals 
(11 pages, 25 references) is an orig- 
inal contribution relating briefly 
the author’s experimental results 
with plating cobalt, copper, nickel, 
zinc, lead and silver on steel. It 
gives sketches of the six methods 
that can be used to determine the 
stress in the deposit from the de- 
flection of the base strip. A con- 
densed table that includes also the 
results of other experimenters who 
studied deposits of iron, chromium 
and cadmium seems to indicate 
(the author does not state it) that 

(Continued on p. 544) 
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Whatever your problem in any industrial 
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solution. 

CONTINENTAL planned performance 
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through with the selection and develop- 
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ing plans you have in prospect. There is 
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the strong metals (chromium, iron, 
nickel and cobalt) usually develop 
rather high tensile stresses, while 
the metals of intermediate strength 
(copper and silver) show very 
small stresses, and the weak metals 
(cadmium, zine and lead) develop 
compressive stresses. Variations in 
the nature of the electrolyte can 
apparently reduce the tensile 
stresses and even reverse them 
The reasons for the appearance of 
stresses are not yet understood 
none of the reasons suggested by 
the author is fully satisfactory In 
discussion, G. V. Raynor pointed 
out that, in electrodeposition, cer 
tain crystallographic planes in the 
electrodeposited metal will be 
parallel with planes in the substrate 
that have a similar atomic configu 
ration. Because the matching of 
atoms is not exact, there is stress 
at the interface. 

R. Week's paper on residual 
stresses caused by welding (13 
pages, 6 references) gives a brief 
description of the results of his 
own investigations in welding mild 
steel plates. The diagrams of trans 
verse and longitudinal strain in the 
restrained, released and partitioned 
states are quite illustrative 

“Cracking is a disruption of the 
continuity of the solid.” An ex 
pression of this sort sounds rather 
scientific, but is almost meaning 
less. It says that cracking is crack 
ing and nothing else. 

The author assures us that re 
sidual welding stresses will hardly 
ever be superimposed on = service 
stresses to the extent of limiting the 
applied load and that brittle fail 
ures have not been shown to result 
from residual stresses caused by 
welding. The same logic might be 
applied to all residual stresses. 
Unfortunately, residual stresses 
might be localized without being 
strictly microstresses. External 
loads, particularly sudden loads 
such as shell hits, might release 
such stresses by localized cracking, 
causing a redistribution of stress 
and further cracking. 

F. P. Bowden and A. J. W. 
Moore’s paper on internal stresses 
produced by sliding (6 pages, 6 
plates, 6 references) examines the 
phenomena at the contact between 
a polished hemispherical glider 
point and a polished flat surface 

(Continued on p. 546 
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Pouring alur-inum alloy 
from an Ajax Induction Furnace 
at the Scottdale Foundry, Scottdale, Pa 
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Automatic clectric controls require a minimum of 
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for long life. 


AJAX ENGINEERING CORPORATION, Trenton 7, N. J 


Xj INDUCTION. MELTING RNC 


TAMA-WYATT —— z 


SBesseegegeuae 








<a Aasacate Compares & N'Y, Mor Ferrous ingot Meish and Allows for Foundry Use 
a IC CORP. Rar Nom 


de ” 
Asan guccrare Funwace CORP, aw mn eeten ‘ener te Getng 


Vetal Progress; Page 546 








THE ORIGIN OF 
INTERNAL STRESSES 





(Starts on p. 538) 

of metal below it. The metals were: 
steel on hard and on annealed 
copper, copper on copper, copper 
on steel and copper on platinum. 
Micro-examination of the metal un- 
der the surface of the groove indi 
cates distortion to a considerable 
depth for clean metals with a very 
high friction factor and to a lesser 
degree with a lower friction factor 
under lubrication. The authors 
conclude that a localized welding 
occurs and that the breaking down 
of the joint in gliding produces a 
considerable stress below the sur- 
face. Good micrographs are pre- 
sented, but no magnitude of the 
stresses is indicated. 

M. C. Caplan, L. B. W. Jolley 
and J. Reeman’s paper on internal 
stresses in turbine rotors (14 pages, 
2 references) is an extremely brief 
report of their work intended to 
find the conditions under which a 
permanent set or a deflection can 
be expected for «a given turbine 
wheel or shaft.* Neither the exper 
imental technique nor the calcula- 
tions leading to the establishing of 
stress magnitudes are described 
sufficiently for a metallurgist to get 
a clear idea of the process. The 
authors conclude that the residual 
stresses after normalizing and tem 
pering are not sufficient for the de 
velopment of a permanent set when 
added to the centrifugal stresses 
developed in service. An expres- 
sion “chemical axis” is used par 
allel with “geometrical axis” in 
describing the possible effects of 
chemical segregation. 

G. Forrest’s paper on residual 
stresses in beams after bending 
(10 pages, 8 references) is a purely 
theoretical study of stresses remain 
ing after the spring-back in a plas- 
tically bent beam and of their 
elimination by stretch bending and 
by reverse bending. Although the 
mathematics in the most elementary 
example of a rectangular beam is 
quite simple too simple to be 

(Continued on p. 548) 

*Epiror’s Note In the 1948 © 
Metals Handbook, p. 241, stress relief 
by “overspeeding” is discussed briefly 
in relation to turbine wheels and cen 
trifugal compressors. In this process, 
the semifinished wheel is rotated for 
a few minutes at a speed 10 to 15% 
greater than the highest speed at 
which it will be required to operate 
in service. During overspeeding, re 
sidual stresses are redistributed and 
reduced 
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stated the transition to the pre- 
sented diagrams of stresses is too 
great and is not illustrated by even 
the briefest table of factors used 
and results obtained. For a T-type 
beam the mathematics is presented 
without any table of notations pre- 
ceeding, which makes it almost 
impossible to follow the presenta- 
tion, even though the accompanying 
diagrams are most intriguing. It is 
further unfortunate that, instead of 
applying his computations to some 
metal ordinarily used for the con- 
struction of members acting under 
bending forces, the author used a 
hypothetical metal with 52,000 psi. 
proof stress, 78,000 psi. tensile 
stress and 17.5% elongation. His 
diagram of residual stress versus 
radius of curvature remaining after 
spring-back for that metal indicates 
that the stress computable for any 
curvature short of failure must be 
about 27,000 psi., while in his dis 
cussion he states that the internal 
stress produced is limited only by 
the ultimate stress. 

The last paper in the section on 
origin of internal stresses is by W 
C. Hynd, and it treats the internal 
Although the 
author himself doubts whether the 
understanding of stresses in glass 
might be of value to the metal 
lurgist, anything that happens with 
any kind of matter under the action 
of heat or mechanical stressing 
should be of interest to the metal 
lurgist, unless he wants to be a 
narrow artisan. 


stresses in glassware. 


What robs the paper of its pos 
sible value is its purely verbal ap 
proach to the problem of thermal 
stresses in glass and its acceptance 
of Griffiths’ theory of flaws. The 
optical characteristics of glass are 
inconsistent with the presence of 
such flaws and the fact that a sheet 
or rod of glass supported as a beam 
will suffer a continuous plastic 
bending also is not in accord with 
the theory of flaws. 

It seems to this reviewer quite 
doubtful whether the stresses in 
glass are of a thermal nature. A 
poor adjustment of the initial par 
ticles during the molding and form 
likely to 
cause brittleness and the slow an 


ing process seems more 
nealing of glass might mean a slow 
readjustment of structure rather 
than an elimination of thermal 
stresses. M. G. Corson 
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The Case of the Complete Coverage 


The McKay Stainless Electrode line completely covers 
your requirements for electrodes to weld all types of 
stainless-steels including the extra low carbon, 
chrome-nickel steels; the high nickel-chrome, heat- 
resisting alloys; and the new steels developed for the 
high-temperature alloys used in super-chargers, heat 
turbines, jet engines and rockets. 


McKay Stainless Electrodes—in Lime, DC Titania 
and AC-DC coatings—are especially designed to 
deposit weld-metal similar in chemical analysis and 


physical properties to the stainless-steels welded 
with them. 


McKay Lime Coated Electrodes are characterized 
by large, hot arc puddles. The slag, though fluid 
when molten, freezes quickly and so makes it easy to 
weld in vertical positions without having the weld- 
metal fall away from or into the weld. 


THE McKAY COMPANY 


403 McKAY BUILDING 
Pittsburgh, Pa. 
Soles Offices: York, Pa. 


McKay DC-Titania Coated Electrodes have small, 
restricted arc puddles and slag that moves quickly 
away from the arc . . . with the result that there is no 
slag interference with the arc action and weld beads 
are smooth and finished. Low spatter loss and easy 
slag removal make these electrodes ideal where ease 
of welding and good weld appearance are important. 


McKay AC-DC Coated Electrodes are recom- 
mended for their arc stability, low spatter loss and 
ease of operation in vertical, overhead and other 
positions. They strike and restrike easily with little or 
no tendency to stick or freeze. The slag produced is 
easy to control and does not interfere with the arc 
action. Weld beads are smooth and uniform. 


Your inquiries are invited on standard and 
“special’’ McKay Stainless Electrodes. Imme- 
diate delivery on standard grades. 


* + * . * aa » * 7 . . * * * * 


McKAY STAINLESS-STEEL ELECTRODES 
McKay Welding Engineers will gladly advise you, 
without obligation on the selection of electrodes and 


the most efficient welding procedure to obtain best 
results when welding stainless-steels. 


WRITE FOR CONDENSED DATA SHEET ON STAINLESS ELECTRODES 


McKAY STAINLESS STEEL - MILD STEEL - ALLOY STEEL - WELDING ELECTRODES 


Researched, Developed and Manufactured to fill Industry’s Requirements for Dependable Electrodes 
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REFLECTOGAGE 


Inspection of 
Propeller Thickness With 
REFLECTOGAGE 
CURTISS-WRIGHT CORP. 
Propeller Division 
Caldwell, N. J. 


Leading propeller manufacturers use 
the Sperry Reflectogage to test the 
thickness of hollow propeller blades 
as a guide to final polishing. An 
inspector checks wall thickness at 
each blade station. This careful in- 
— provides a control of wall 
thickness throughout the blade with- 
in established wall thickness limits. 


Propeller blades are only one of a 
large variety of fabricated parts 
which can be measured by the Sperry 
Reflectogage. Others include long 
tubes, formed hollow parts, blades 
and sheet stock, large tanks and 
boilers. 


TESTS THICKNESS 
OF PROPELLER BLADES 
BEFORE 
FINAL POLISHING 


Operating on the principle of reso- 
nant frequency, the Reflectogage pro- 
vides an economical means of 
measuring thickness of parts which 
formerly were inaccessible for con- 
venient measurement. 

In steel, the Reflectogage measures 
directly from .025 to .300 in. thick- 
ness, indirectly up to 4 in. Other 
metals and plastics can also be meas- 
ured. Access from only one side is 
required. Accuracy is within plus or 
minus two per cent. 

For full information on the Sperry 
Reflectoscope, write for your free 
copy of Bulletin 3700-G-4 


SPERRY REFLECTOSCOPE 


Instantly, accurately locates smaller 
defects . . . penetrates deeper into 
metals than any other non-destruc- 
tive testing device. Saves valuable 


time lost in machining defective ma- 
terial, minimizes rejects. Read all the 
facts on the Sperry Reflectoscope in 
Bulletin 3001-G-4 


SP-143 


SPERRY PRODUCTS, INC. 


DANBURY, CONNECTICUT 
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THE FRACTURE 
OF SHIP STEELS* 





(THEN a steel fails in service it 
is usually desirable to deter- 
mine the cause of the failure. To 
do this it is important to obtain a 
proper interpretation of the metal’s 
fracture pattern together with an 
adequate appraisal of the service 
conditions existing at the time of 
the failure. If some _ small-scale 
laboratory test procedure could be 
found by which simulated service 
fracture characteristics of the metal 
could be studied, then not only 
could the serviceable life of the 
metal be predicted with greater 
assurance but also service failures 
could be understood better. 

In this program of tests of ship 
plate the authors have used a 
notched bend bar and an edge- 
notched tension bar to determine 
the transition phenomena of ten 
ship-plate steels. The fracture char- 
acteristics of the steels in these 
tests are correlated, with some de- 
gree of success, with the fracture 
characteristics of the same steels 
obtained in a previous investigation 
using internally notched tension 
specimens of flat plate 72-in. wide. 

The slow-bend bar used was a 
modified Schnadt type with the 
compression zone drilled out to 
44-in. diameter, the hole being filled 
by a hardened steel pin through 
which the test load was applied to 
the bar. Thus, fracture of the bar 
in the slow-bend test occurred en- 
tirely through metal that was under 
a tensile load. The long axis of the 
bend specimens and that of the edge- 
notched tension specimens were 
in the direction of rolling of the 
4-in. plate. The notch of the bend 
bars was in the thickness direction 
of the plate so that, in effect, the 
fractures of both types of test bar 
were transverse to the direction of 
rolling of the plate. The 
notched tension specimens 
loaded through pins by 
suitable shackles. 

In the slow-bend tests measure- 
ments of energy absorption were 
not made because, as is indicated 
by the authors, such measurements 
would normally be too costly and 
time consuming. Transition temper- 
ature was determined on the basis 

(Continued on p. 554) 


edge- 
were 
means of 


*Abstracted from “Fracture 
Characteristics of Ship Plate in Cer- 
tain Small-Scale Tests”, by E. P 
Klier, F. C. Wagner and M. Gensa- 
mer, Welding Research Supplement, 
Feb. 1949, p. 50-s to 66-s. 





Why 


herme 
MUFFLES PROVIDE Lowest cost per 


Operating Hour 


e- 


Ever have a muffle crack, warp, sag or “boil 

out’? Or give at the welds? Years of metallur- 

gical study by Electro-Alloys have revealed these 

common troubles are generally due to improper 

welds and unsound castings. 
Thermalloy muffles are sound—inside and out—for three reasons: 
1. Close analysis control of Thermalloy develops optimum strength 
and ductility to resist cracking, warping and sagging. 


2. Careful foundry practice and metallurgical control produce quality 
castings—free of sand inclusions and other defects. 


3. X-ray inspection and pressure testing of both the welds and castings 
assure shipment of muffles that will give long, trouble-free service. 
These are the reasons why you'll find Thermalloy users saying, 
“Thermalloy lasts longer’... .““Gives us longer hours of service.” 
And that is why you'll get the “lowest cost per hour on the 
job” with Thermalloy. 

Whatever you need—retorts, trays, fixtures, chain conveyors 
or other heat treat equipment—you'll get longer life per dollar 
invested when you specify Thermalloy castings. Call your nearest 
Electro-Alloys engineer. Let him show you how Thermalloy can 
cut your heat treating costs. Or write Electro-Alloys Division, 
1971 Taylor Street, Elyria, Ohio. 


SPECIFY CHEMALLOY FOR CORROSION RESISTANCE... THERMALLOY FOR HEAT AND ABRASION RESISTANCE 





ELECTRO-ALLOYS DIVISION 


ELYRIA, OHIO 
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The gas shortage will be less acute if 
you get more efficiency from the gas 
you buy. 


Kemp Carburetors put the last BTU 
from a given quantity of gas right at 
the point of action. Moreover, they give 
you automatic control, run years with- 
out maintenance, need no labor 

to operate. 


Kemp Burners give you every 
needed volume or type of 
heating from space-heating 


Diagram shows principle of 


to needle-point flame. N ag es Kemp Industrial Carburetor 


Slide-valve. Top slide moves 


\ or decrease volume in re 

tors and Kemp Burners WN ~ sponse to demand. Moves in 
; direcnon B-B by micrometer 

assure you the highest heat- \ gage adjustment to vary pro 


portions of gas and air 


Kemp Industrial Carbure- ae tg eet deat gpa 


ing efficiency per unit of fuel 
consumed. 

NOW, when the need is great, get up- 
to-date information. See the new Kemp 
book on Industrial Carburetion or send 
for a Kemp representative. 


KEMP of BALTIMORE 


PRECISION CARBURETORS. BURNERS FOR INDUSTRIAL HEAT CONTROL. FIRE-CHECKS AND OTHER SAFETY DEVICES 
ATMOSPHERE GENERATORS. INERT GAS PRODUCERS. ADSORPTIVE DRYER SYSTEMS FOR PROCESS CONTROL 


The C. M. Kemp Manufacturing Co. 
405 East Oliver Street 
Baltimore 2, Maryland 


Please send me your NEW Bulletin No. IC-22 on Industrial Carburetion 


Please send a Kemp representative in to see me 


Zone 
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215. Alloy, Brazing 


Latest research data on every phase of low- 
temperature silver alloy brazing furnished in 
technical bulletins sent regularly on request. 
Handy & Harman. 


216. Alloys 


New booklet on laboratory-controlled alloys 
shows how they prove best in every test from 
ingot to casting. Apex Smelting Co. 


217. Alloys, Copper 

New collection of booklets and charts now ready 
on free-cutting brass, bronze and copper. Chase 
Brass & Copper Co 


218. Aluminum Handbook 


A new, handy 24-page book contains a com- 
pilation of important aluminum industry specifica- 
tions including ASTM, AMS, SAE, Federal, etc 
Sent free on request for * ‘Aluminum Alloys, U.S. 
Standard Specifications’. Federated Metals Div. 


219. Ammonia 

New 40-page booklet “Ammonia in Metal Treat- 
ing” contains full details on pure ammonia with 
moisture and non-condensable gases eliminated 
Mathieson Chemical Corp. 


. . 
220. Bars, Forging 

There is a stainless steel “tailored” to fit your 
specifications for chemical and physical properties. 
Write for 112-page booklet of forging data “Evalu- 
ating the Forgeability of Steels’. Timken Roller 
Bearing Co 


221. Bars, Steel 

New booklet gives illustrated descriptions of 
Union-drawn steels used for carburizing and 
requirements which each serves. Also includes 
tables of shapes and sizes available. Republic 
Steel Corp 


222. Blast Cleaning 

Five new bulletins will be sent on request to 
help you solve your cleaning problems. Write 
for “Barrels, ““Tables"’, “‘Rooms"’, “Hydro-Sand 
Blast" or ““Dust Control”. 2 


Pangborn Corp. 
223. Blowers 
Bulletin 740, mailed on request, carries a com- 
plete description of the new Lindberg-Fisher 
blowers, including a chart of sizes and specifications 
for this outstanding heating unit. Lindberg 
Engineering Co, 


224. Carburizers, Gas 

AGF gas carburizing equipment including the 
latest rotary gas carburizer, batch-type and 
vertical retort carburizers fully described in litera- 
ture sent on request. American Gas Furnace Co, 


225. Castings 
Complete machining data for various types of 


Mechanite castings is included in new bulletin 29. 
Mechanile Metal Corp 


~ . 
226. Castings 

Interesting booklet on Accumet Castings tells 
how these versatile castings lower your unit pro- 
duction costs and permit the use of materials 
which are difficult to forge or machine. Crucible 
Steel Co. of America 


. . 
227. Castings 

aun booklet “Misco Precision Castings 
contains valuable technical information for manu- 
facturers requiring small accurate alloy steel parts 
in quantity. Michigan Steel Casting Co 


. . 
228. Castings, Alloy 

Complete story of how to solve corrosion prob- 
lems with nickel chrome alloy castings given in 
new 24-page catalog. Standard Alloy Co., Inc. 

. . . 

229. Castings, Die 

New revealing booklet ““Hauling Costs Down 
containing many facts about how fleet owners and 
truck body manufacturers have found Magnesium 
pays. Dow Chemical Co. 


230. Contour Analyzer 

An instrument designed to record small dis- 
placements, as in errors of contour in irregularly 
shaped sections Movements as small as 10 
microinches can be readily recorded and measured 
on the direct inking oscillograph. Brush Develop- 
ment Co 


231. Corrosion 

For membership roster or any information regard- 
ing your particular corrosion problems. American 
Hot Dip Galvanisers Assoc 


. : : 
232. Cutting Oils 

Interesting facts on how shop operation can be 
more efficient and economical through use of right 
lubricants described in “Metal Cutting Fluids”. 
Cities Service Oil Co 


233. Cutting Oils 

Write today for the pamphlet “New Improved 
Gulf L.S. Cutting Base” which describes how 
production can be speeded up with lower costs 
and better finishes by using this newly developed 
cutting oil. Gulf Oil Corp. 


234. Cutting Oils 
For the right combination to suit your specific 


requirements, write for the Booklet “Cutting 
Fluids for Better Machining."’ D. A. Siwart Oil Co. 





WHATS NEW 


IN MANUFACTURERS’ LITERATURE 
Use the prepaid posteard on this page to obtain the helpful literature described 


on these two pages. 





. . 
235. Die Casting, Bronze 

An interesting new bulletin entitled “Aluminum 
Bronze Vacuum Die Casting’ describes an exclusive 
process of vacuum die casting aluminum bronze 
and silicon bronze. Aurora Metal 


236. Extrusions 

“Alcoa Aluminum Impact Extrusions’ is the title 
of a new booklet. Gives up-to-date information 
on short-cuts to designing of all types of parts by 
means of these new impact extrusion presses 
Aluminum Co. of America. 


237. Furnaces 

Series of industrial box-type furnaces just 
developed offers several entirely new design fea 
tures to assure marked economy and ease of 
operation and performance. Operates to 1850°F 
Cooley Electric Mfg. Co. 


238. Furnaces 


Uniform high temperature equipment including 
the Marshall Controller described in illustrated 
technical folder. L. H. Marshall Co. 


239. Furnaces 


An attractive two-color brochure describing the 
complete line of Loftus furnaces for every step 
along the way from open hearth to heat treating 
line will be sent on request. Loftus Engineering Corp 


240. Furnaces, Annealing 

New vertical strip annealing furnaces improve 
silicon steel production and provide excellent sur- 
face characteristics which increase stamping die 
life. Drever Co. 


241. Furnaces, Brazing 

Fully descriptive folder on furnace brazing 
with many suggested ‘do's’ and “don'ts’’. Electr 
Furnace Co. 
242. 


Furnaces, Combustion 


Tube 

For full information on combustion tube fur- 
naces with exclusive feature of multiple heating 
units readily replaceable, write today for Bul- 
letins HD-738, 138 and 1236. Hevi Duty Electric Co. 

. . 

243. Furnaces, Forge 

New gas-fired forge furnace with many advan- 
tages of design, pootectoe and operating efficiency 
described oe bulletin E-3. Eclipse Fuel & Engi- 
neering 


244. — Burners 


Latest methods of obtaining highest heating 


efficiency per unit of fuel given in Bulletin IC-22 
Cc. 


M. Kemp Mfg. Co 


e if mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for oem card 


245. Gas Burners 

New 130-page catalog contains practical data 
on burner selection for most industrial heating 
services with various gaseous fuels, Also includes 
useful section on furnace design Surface Com 
bustion Corp. 


246. Gas Furnace 

Bulletin HD 1048 gives complete engineering 
data on new streamlined steel heating unit for 
various types of hardening operations. Heri Duty 
Electric Co. 


247. Grinders 


New 6-page bulletin on AB Surfacers and 
grinders, including a description of new wet powder 
grinders and duo-belt wet surfacers, and illustra 
tions of complete line of equipment for metatiur- 
gical laboratory. Buehler Lid 

ar . 
248. Grinding 

48 pages of helpful information on grinding in 
foundries, steel mills, welding. forge and machine 
shops can be found in new bouklet “Rough Grind 
ing’’, just off the press. Norton Company 


249. Hardening, Surface 
Flamatic with electronic temperature control 
cuts rejects up to 25%. Specified hardness value 
and patterns produced uniformly, at a rate of 
187 parts per hour. Write for booklet of case 
histories. Cincinnati Milling Machine ( 
9r . 
250. Hardness Tester 
Leaflet describes the new Brinell Hardness 
Reader An instrument small enough to carry in 
your pocket provides a correct hardness reading 
with perfect accuracy. Harry W. Dieteri Co 
9c . * 
251. Heating, Radio 
Frequency 
Fourteen case histories in booklet B3620A give 
you facts, cite figures demonstrating how RF 


heating cuts production rst V estinghouse 
Electric Corp. 


252. Heat Loss Indicator 

Bulletin 206 describes new Burrell COs indicator 
for measuring excess air and per cent heat loss 
All operating, installation and combustion engineers 
will want one of these uew improved instruments 
Burrell Technical Supply Co 


253. Heat Treating 

Bulletin “S” gives complete details on gas 
cyaniding small parts, for more uniform case depths 
and higher hardness. J/psen Industries, Inc. 


oo * 
254. Heat Treating 

Handy, vest-pocket data book has 72 pages of 
charts, tables, diagrams and factual data on late 
steel specifications, heat treatments, etc. Sunbeam 
industrial Furnace Div 








FIRST CLASS 
PERMIT Me. 1585 

(Seo. 510P.L.&R.) 
Cleveland, Obie 














BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed In the United States 








4c POSTAGE WILL BE PAID BY— 


METAL PROGRESS 


7301 Euclid Avenue 


CLEVELAND 3, OHIO 











WHAT'S NEW 


IN MANUFACTURERS’ LITERATURE 





255. Heating Elements 
Nonmetallic heating elements assure accurately 

controlled temperatures to provide uniform heat 

treatment. Informative literature is available. 
ar Div., Carborundum Co. 


. 
256. Heating, Induction 
Announcing a new comprehensive 48-page 
brochure on induction heating. First part devoted 
to general principles involved. Contents sectional- 
ized so that all brazing applications are in one 
folder, all heating for forging applications in 
another and so forth. W ee i. all or any of these 
sections. Ohio Crankshaft C 


257. Induction Heating 

Send for bulletin 13-A containing countless new 
ideas to make tough forging specifications seem 
easy. Ajax Electrothermic Corp. 


258. Industrial Planning 

New book 127 tells how you can share in a 
“round table” discussion of planning expansion, 
remodeling or modernization of your plant. 
Continental Industrial Engineers, Inc. 


259. Lubrication, High 


Temperature 
Lubrication of equipment operating at high 
temperatures with “dag” colloidal graphite dis- 
a discussed in literature. Acheson Colloids 


260. Metal Data 


“Cerium Data File’’ gives most complete infor- 
mation about Cerium’s influence on ferrous and 
non-ferrous metals. Cerium Metals Corp. 


261. Metallographic 


Inspection 
New 32-page catalog contains helpful information 
and listings of the latest equipment for preparing 
specimens. Write for Metallurgical Catalog 860. 
Precision Scientific Co. 


262. Microscopes, Stereoscopic 

Complete new line of 15 models in stereoscopic 
wide field microscopes described and fully illus- 
trated in bulletin D-16, furnished on request. 
Bausch & Lomb Optical Co. 


263. Molybdenum 


Many suitable and economical compositions for 
applications of molybdenum are listed in con- 
venient alphabetical order in the new booklet 
“Applications of Molybdenum Cast Irons”, fur- 
nished on request. Climax Molybdenum Co 


264. Polishing, Metallographic 

For preparation of fine metallographic specimens 
a sturdy, smooth-operating table-model metal- 
lographic polisher is described in bulletin 90 
Eberbach & Son Co. 


265. Potentiometers 
Catalog 15-13 describes new instruments and 
systems using potentiometers, as well as many 
schematic diagrams, illustrative tables of various 
control forms, and other data helpful in proper 
instrumentation. Copy will he sent on request. 
Brown Instrument Co. 


266. Presses, Powder 


Powder metal production will save up to 75% 
through new developments of making in one piece 
ot which formerly required costly machining. 


fachine Co. 
267. Pyrometer 
Catalog N-33A furnishes complete information 
on the performance of the Micromax Control 
Pyrometer. Leeds & Northrup. 


268. Pyrometers 

For the finest results in proportional current- 
input control send for Bulletin PB 1237, which de- 
scribes the newest electronically operated pyrometer 
controller. Bristol 


269. Pyrometers 

An accurate way to measure extreme foundry 
temperatures is provided by the new — 
Pyro optical pyrometer. Light in weight — only 
3 pounds — and available in 5 ranges io 1400° 
to 7500°F. Send for catalog 150. Pyrometer In- 
strument Co. 


270. Pyrometers 

For the finest results in proportional current- 
input control, send for Bulletin PB1237, which 
describes the newest electronically operated pyrom- 
eter controller. Bristol Co. 


~ : 
271. Quenching 

For full information on the newest developments 
of Ajax isothermal heat treat process in mar- 
tempering, austempering and other interrupted 
quenching operations, send for Bulletin 120. Ajax 
Electric Co. 


272. Radiography 

“Radiography in Modern Industry", a new book 
containing valuable data on radiographic principles, 
practices and techniques. Eastman Co. 


273. Recorders 

Condensed catalog Z6500 gives full description 
of Capacilog Recorder and other instruments for 
application in all types of laboratory classification. 
Wheelco Instruments Co. 


274. Refractories 
New Insulation Chart IN-6D gives recommended 


insulation for every temperature range from minus 
400 °F. to plus 3000°F. Johns-Manville. 


+ If mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for returning card 
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275. Refractory Concrete 
Detailed information furnished on methods of 

using refractory concrete in annealing 

Lumnite Div., Universal Atlas Cement 


276. Rosslyn Metal 


New data sheets on this useful cladmetal with 
outer surfaces of stainless steel mded to an 
interlayer of high conductivity copper. American 
Cladmetals Co. 


277. Salts 


New manual with more than 70 pages of material 
on heat treatment with molten salt baths. Fully 
illustrated. E. J. duPont de Nemours & Co. 


278. Silica Cement 

A recently published, well-illustrated 6-page bul- 
letin 507 gives complete description of the new 
Tayco-40 figh- -temperature cement, for bonding 
silica in the glass melting, openhearth me electric 
arc melting industries. Chas. Taylor Sons Co. 


279. Spectrographic 
Equipment 
Full — yy of the uses of this equipment 
for research spectroscopy and spectrochemical 


analysis in metallurgy, chemistry and many other 
fields, given in catalog 1-4. Jarrell-Ash Co. 


280. Steels, Alloy 


Hardenability charts now available for many 
standard alloy-steel grades will help you to order 
steels with the proper hardness qualities. Bethle- 
hem Steel Co. 


281. Steels, Alloy 


New book now available on the selection of the 
proper alloy steel grades for each manufacturer's 
needs. Write for free copy of ““Wheelock, Lovejoy 
Data Book”. Wheelock, Lovejoy & Co. 


282. Steels, Stainless 

Stainless mechanical properties for various forms 
and tempers fully outlined in new data chart 
Sec. A, No. 7. Peter A. Frasse & Co., Inc. 


283. Steels, Stainless 

For a complete file of accumulated engincering 
data on alloy steels, stainless steels, cast irons, 
brasses and bronzes, send for “List A”. IJmnter- 
national Nickel Co. 


. — 
284. Steels, Stainless 

For consistently fine stainless steels selected to 
resist nitric acid on the inside surface, and atmos- 
pheric conditions on the outside, write for more 
detailed information on Vancoram Ferro Chromium 
steels. Vanadium Corp. of America. 


285. Steels, Stainless 


Valuable new 32-page book, ‘Allegheny- Ludlum 
Stainless Plates and Their Fabrication’, now makes 
available all the data you need on sizes, types 
and use of stainless plates, solid and clad. Alle- 
gheny-Ludlum Steel Corp. 


286. Temperature 

Multi-Record Dynalog for measuring several 
temperatures or other process variables fully 
described in bulletin 428. Foxboro Co. 


287. Tempilstiks 


“Basic Guide to Ferrous Metallurgy’, a plastic- 
laminated wall chart in color, furnished on request 
Claud S. Gordon Co. 


288. Testing 


For complete details on all the advantages of 
the new SROS Reflectoscope for testing of billets 
and bars, ask for bulletin 3001. Sperry Products, Inc. 


r . = 
289. Testing, Fatigue 

A whole new line of Baldwin testing machines 
including the Lazan Oscillator, the Rolling Load 
Fatigue Machine, and many others, make accurate 
endurance tests possible on al! kinds of materials 
Informative, illustrated bulletins available on all 
types of testing machines. Baldwin Locomotive 
Works. 


290. Tubing 


Electricweld Tubing in a wide range of sizes and 
shapes described in booklet now available. Jones 
& Laughlin Steel Corp. 


291. Welding 


Condensed data sheet giving most efficient 
welding procedure and selection of electrodes for 
best results with stainless steels. McKay Co. 


292. Welding, Aluminum 

With the new Aircomatic process, an entirely 
different fabricating technique, aluminum and 
weldable alloys can be joined in thicknesses from 
\%" to 2” in all positions — flat, horizontal, vertical 
or overhead. Send for complete information on 
this outstanding development Air Reduction 
Sales Co. 


293. Welding Electrodes 

Story of how Ampco-Trodes solved tough prob- 
lems of high pressures and heavy loads in Northwest 
lumber mills is told in Ampco Welding News. 
Ampco Metal, Inc. 


294. Welding, Inert-Are 
For detailed information on use of a high- 


frequency pilot for inert arc welding, send for 
GEA-4930 and GEA-5146. General Electric Co, 
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Which of these books 
will help you most? 


Check the ones you want and 
SEE THEM ON APPROVAL 


1. Engineering Metals 
and their Alloys 


By Carl Samans. A complete, clear knowl- 
edge of modern metals—their production, 
fabrication, characteristics, and basic 
theory—is given in the form most useful 
to design and purchasing engineers. Here 
you will find what you want to know on 
new high-strength, light metals, alloys re- 
sistant to corrosion or abrasion, and all 
other alloys now available for special en- 
gineering needs. This book will enable 
you to be sure you are solving your mate- 
rials problems in the most efficient, eco- 
nomical way. $7.50 


2. Powder Metallurgy 


By Paul Schwarzkop}. Completely explains the 
characteristics, processing, products and theory 
of materials that have effected savings as high as 
75 have solved many special engineering 
problems, and are today especially important in 
new engineering projects. $8.00 


3. Simplified Punch and 
7 . 
Diemaking 
By J. Walker & C. Taylor. “Obviously written by 
men who know their business, this book has 


proved very useful for die designing,’ says the 
Tool Engineer of one large concern $5.00 


. . 
4. Illustrated Jig-Tooling 
. . 
Dictionary 
By T G. Thompson & R. A. Peterson. 988 work 
ing drawings with concise explanations show 
you at a glance what you want to know about 


any tooling procedure or piece of equipment 
$7.50 


. 
5. Making Patent 
. 
Drawings 
By H. Radzinsky. Complete instruction in all 
special techniques required for patent applica 


tion drawings, with much valuable advice from 
i patent attorney of 40 years experience. $4.00 


6. Improved Foremanship 


By A. Uris. Tells the production supervisor in 
plain down-to-earth terms everything he needs 
to know in order to be successful. Very reward- 
ing for any shop man and also for his boss, $3.50 
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of measurement of lateral contrac- 
tion of the specimen at a critical 
cross section and also on the basis 
of type of fracture. Quantitative 
agreement of the two types of data 
is usually within 5°F. The fact 
that the transition range is easily 
determinable by visual inspection 
of the fracture surface marks this 
second procedure as the more con- 
venient of the two procedures for 
general usage. The critical cross 
section found to be most reliable 
for measurement of lateral contrac- 
tion of the test specimen was adja- 
cent to the 4-in. diameter hole and 
for this measurement it was not 
necessary to fit the halves of the 
broken specimen together. 

The bend test data exhibit a 
transition range, usually about 30° F. 
wide. Between the upper and lower 
limits the intermediate values are 
few in number and there seems to 
be no distinguishable gradation of 
ductile or brittle fracture between 
them. Of the two temperature 
limits, the upper is the more impor- 
tant and is reported as the transi- 
tion temperature. 

In the edge-notched tension tests, 
transition temperature was deter- 
mined on the basis of measurement 
of energy absorption, lateral con- 
traction, elongation, and evaluation 
of type of fracture of the test bar. 
The data for fracture type show a 
definite transition from shear to 
cleavage in all steels, whereas the 
data based on the other three meas- 
urements do not. In particular, the 
data for energy absorption do not 
always reveal a transition, but when 
they do, this transition temperature 
is noticeably lower than that indi- 
cated by the type of fracture. Thus, 
a noticeable energy 
occurs during the test even with 
a brittle fracture. Transition based 
on measurement of lateral contrac- 
tion agrees quite closely with that 
based on type of fracture, as is true 
with the slow-bend test data also. 

Despite the lack of correlation 
between the transitions indicated by 
energy absorption and fracture type, 
the latter transition is in good 
agreement with the results obtained 
from the 72-in. wide, internally- 
notched, flat plate tension specimens 
of the previous investigation. It 
would therefore appear that deter- 
mination of transition temperature 

(Continued on p. 556) 
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TOOL and DIE 


It improves 
surface fin 
ish, removes 
oxide scale, in = 
creases tool and die life through 
proper maintenance. Hydro-Finish is 
the new versatile impact blasting 
process that uses a fine mesh abrasive 
suspended in water and holds toler 
ances to .0001 inches 


ne 


In the Tool Room, Hydro-Finish 
simplifies the manufacture and main 
tenance of tools, dies and molds. It 
reduces usual costly handwork and 
produces a surface virtually free from 
directional grinding lines 


In the Production Line, Hydro-Fin 
ish eliminates many tedious finishing 
operations. It reduces cost and time 
involved in buffing. It improves fa 
tigue life of the metal parts it finishes 


It cuts many manufacturing costs 


It can be used for deburring, sur 
face finishing and lubrication control, 
removing heat treat scale and discol 
oration, preparing surfaces for plat 
ing or coating, removing directional 
grinding lines, finishing threaded 
section for better workability and 
fit, improving manufacturing, main 
tenance and life of tools and dies, 
general maintenance cleaning. 

Find out today how Hydro-Fin 
ish can pay off for you. /~™ 
Write for Bulletin 1400 to a 
PANGBORN CORPORATION, "oN 
1204 Pangborn Blvd., 
Hagerstown, Md 


Look to Pangborn for all the latest 
developments in Blast Cleaning 
and Dust Control Equipment. 
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Do you need a special type of 

annealing equipment?...We have 

designed containers and covers for every imaginable 
product. 


Have you a temperature problem?...We fabricate 
from the entire list of heat-resisting alloys. 


Are size of the equipment or quantity required 
a cause for consideration?...As indicated by the 
illustrations, we furnish boxes, baskets, etc., for the 
smallest parts, or covers for the biggest steel mill 
anneals -- singly or by carload. 


Weigh Up to 2/3 Less. Save Time and Fuel 


Here are 4 ways that “Pressed Steel” light-weight 
annealing units cut costs and speed production, as 
shown by plant records: 


) FUEL SAVING--Made of light gauge welded 
sheet alloy, they require less fuel and time to attain 
pot heat. 

2) LABOR SAVING--Handle easier and faster. 


3) REPLACEMENT SAVING--Some installations 


have been in constant service for 20 years. 


4) SPACE SAVING -- Being less bulky than cast units, 


installations have frequently doubled furnace capacity. 


We furnish a complete line of annealing and car- 
burizing boxes, covers, baskets, racks, tubes, retorts, 
etc. As pioneers of sheet- alloy heat- -treating equip- 
ment, we offer a wealth of experienced engineering 
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cast-to-form 
7 

dies 
Easy machinability com- 
pared with steel, capacity to 
take a high polish in work, 
toughness to resist pressing 
stresses, and above all ability 
to resist abrasion—these 
qualities denote a good form- 
ing die. 
The use of Molybdenum in 
cast iron dies has now be- 
come standard practice, 
because it most economically 
attains these desirable prop- 
erties. 
One of the suitable compo- 
sitions is: 3.404% Total Car- 
bon, 1.40% Silicon, 0.80% 
Manganese, with 0.25% 
Chromium, 0.10% Vana- 
dium and 0.504% Molyb- 
denum added. 


This composition is one of 
many listings under “Dies’ 
‘Applications of 
Molybdenum Cast Irons” — 
an alphabetically arranged 
ready-reference booklet for 
busy 


in our 


foundrymen and _ for 
engineers—write for it! 


Climax Molybdenum Company 
500 Fifth Avenue 
New York City 





Please send your FREE BOOKLET 
“Applications of 
Molybdenum Cast Irons” 
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by evaluation of fracture type offers 
a better basis than any other for 
correlation between various types 
of fracture tests and also is most 
convenient, since no complex appa- 
ratus or calculations are required. 

In conclusion, the authors point 
out that the slow-bend notched-bar 
testing procedure using the Schnadt- 
type bar with a pressed notch of 
0.0015-in. root radius, 45° included 
angle, for the most part yields satis- 
factory fracture data for correlation 
with the data from internally- 
notched plate 72 in. wide. Also, for 
the tension tests on edge-notched 
bars, the transition temperature de- 
termined from fracture appearance 
is in approximate agreement with 
the results obtained with plates 
72-in. wide, while that determined 
from energy absorption is not. 

The authors suggest an explana- 
tion for the discontinuity of the 
curves of lateral contraction and 
fracture type versus temperature in 
the slow-bend tests, by reference to 
Davidenkov’s failure mechanism. It 
is suggested that a change in curva- 
ture of the cleavage failure curve in 
the Davidenkoy diagram of mechan- 
ical failure would account for the 
discontinuities observed. It would 
also appear from the edge-notched 
tension data that a cleavage type of 
fracture under low rate of strain 
need not be a brittle fracture. 
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THE INFLUENCE of strain rate 


and temperature on the mode of 
fracture of metals is not a subject 
for simple mathematical calculation 
nor can it be evaluated in quanti- 
tative units for practical application. 
Sometimes the Charpy notched-bar 
test does not distinguish clearly 
between steels and does not give a 
precise determination of transition 
temperature. For this reason, in the 
test program by Bruckner and New- 
mark, a notched tension-impact bar 
was used in testing six of the ten 

(Continued on p. 558) 


*Abstracted from 
Impact Tests of 


“Axial Tension- 
Structural Steels”, 
by W. H. Bruckner and N. M. New- 
mark, Welding Research Supplement, 
Feb, 1949, p. 67-s to 80-s, 
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Tempilstiks 


A simple method of 
controlling temper- 
atures in: 


© WELDING 
© FLAME-CUTTING Also 
© TEMPERING available 
© FORGING in pellet 
® CASTING and 
® MOLDING liquid 
© DRAWING form 
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© HEAT-TREATING 

IN GENERAL 


it's this simple: Select the 
Tempilstik® for the working 
temperoture you want. Mork 
your workpiece with it. When 
the Tempilstik® mark melts, 


the specified temperature has gives up 


been reached. te 2000 
reodings 





Available in these temperatures ( F) 


275 500 1100 
288 550 1150 
300 600 1200 
313 650 1250 
325 700 1300 
338 750 1350 
350 800 1400 
363 850 1450 
375 900 1500 
388 950 1550 

| 400 1000 1600 
450 1050 
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FREE —Tempil® “Basic Guide 


to Ferrous Metallurgy 
— 16%,” by 21” plastic-laminated wall 
chart in color. Send for sample pellets, 
stating temperature of interest to you. 
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>< SERVICE. >: 


CLAUD S. GORDON Co. 


Speciolists for 33 Yeors in the Heat Treating 
ond Temperoture Control Field 

Dept. 15 © 3000 South Wallace St., Chicago 16, Wi. 

Dept. 15 © 7016 Euclid Avenue © Cleveland 3, Ohio 








Strict! ly Tech 


Investigation into every phase of low-temperature 
silver alloy brazing is being carried on continually 
in our Research Laboratories. 


Believing that many engineers are interested in 
the valuable factual data and new findings being 
uncovered, we are making the data available in the 
form of Bulletins, two of which, covering character- 
istics of various types of silver brazing alloys, have 
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jects of future bulletins are— 


Strength of Joints—Tensile, Shear, Impact and Fatigue 
Joint Design from Standpoint of Stress Distribution 
Expansion and Contraction of Parts in Brazing 
Diffusion and Alloying with Joint Components 
Fluxes—Functions and Special Compositions 

Brazing Cast Iron 
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strictly Technical Bulletins as they are published, 
fill in and mail the COUPON and we'll send you 
those already issued and put your name on the 
mailing list for future copies. 


HANDY & HARMAN 
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@ TOOL LIFE 
@ PRODUCTION 


Ir is wise economy to buy 
cutting fluids on a basis of per- 
formance rather than on a price 
basis. This is borne out by the 
case of a large screw products 
company in Chicago machining 
11/16” round stainless steel types 
303 and 440. Operations include 
forming, drilling and reaming on 
a New Britain-Gridley automatic 
screw machine. A number of dif- 
ferent cutting oils had been used 
on this job until one was found 
that seemed to give relatively sat- 
isfactory performance. However, 
this product was replaced after 
the first trial with Stuart's Thred- 
Kut. Not only was there a marked 
improvement in finish, but tool 
life was increased 3 to 4 hours and 
daily production was increased. 

The above case study is a typi- 
cal example of how the best cut- 
ting fluid for the job will pay its 
original cost over and over again. 
D. A. Stuart Oil Company repre- 
sentatives preach the gospel of 
“Wise Economy.” They can help 
you cut costs with cutting fluids 
best suited to your requirements. 
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ship steels studied by Klier, Wagner 
and Gensamer. (See p. 550.) 

It is indicated that this notched 
tension-impact specimen was used 
because of certain advantages it has 
over the Charpy bar —for example, 
a uni-axial tensile stress and a uni 
form notch that can be varied to 
give any desired degree of stress 
concentration. The authors point 
out that the transition temperature 
obtained in tests of wide plate was 
determined easily by the sharp de- 
crease in energy absorption but it 
was difficult to define the transition 
temperature from the Charpy tests 
because of the gradual decrease in 
energy absorbed. 

The first part of the program 
was concerned with a study of the 
effects of specimen size and notch 
geometry on the shape of the curves 
of absorbed energy versus testing 
temperature. From this study, a 
standard specimen was evolved that 
had a semicircular notch of 0.039-in. 
radius, a root diameter of 0.294 in. 
and an outside diameter of 0.625 in. 

In the second part of the pro- 
gram this standard specimen was 
used in testing the six steels at 
various temperatures to determine 
the change from ductile to brittle 
fracture as the temperature of test- 
ing was reduced. A pendulum-type 
testing machine was used, and tests 
were made with various heights of 
pendulum adjusted to give kinetic 
energies of 220, 110, 45 ft-lb., and 
lower. In all these tests the mass 
of the pendulum remained constant; 
hence, these variations in kinetic 
energy of the pendulum produced 
some differences of strain rate in 
the specimens during fracture. 

Values for transition temperature 
(approximate midpoint of the tran- 
sition range) were obtained from 
curves of absorbed energy per unit 
area at the root of the notch, reduc- 
tion of area, and absorbed energy 
per unit area of fracture —all ver- 
sus testing temperature. Also ‘a 
determination of transition temper- 


me -KRO yy 
POLISHING COMPOUND 


“C-RO" is a relatively heavy, metal- 
lographic, polishing compound in 
which small, sharp uniform particles 
provide a fast, sure and flawless cut- 
ting action. It polishes without bur- 
nishing. Write for Bulletin 208. 


53-585 “c-RO” Ya Ib. $5.00 


CO, INDICATOR 


The Burrell CO. Indicator is a must 
for operating, installation and com- 
busticn engineers. CO 2 content of 
stack gases found simply and accu- 


rately. Excess air and per cent heat 
loss readily determined. Write for 
Bulletin 206. 


Ask for booklet, Cutting Fluids 


cai ature was made based on the point 
for Better Machining. 


where a 15% reduction in area at 
the root of the notch occurred. The 
curves of absorbed energy per unit 
area of fracture versus temperature 
exhibit less scatter in the transition 


saith wery barrel 
range than do the other determina- 1942 FIFTH AVE 


mage! | 
A. Stuart Dil Co. tions, although the same trends are BURRELL PITTSBURGH 19 


ees indicated by all of them. PENNSYLVANIA 
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In the curves of energy absorp- 
tion per unit root area there is more 
scatter, particularly in the transition 
range, when using 220 ft-lb. initial 
energy for the test than when using 
the lower values of initial energy. 
Away from the transition range, 
energy absorption seems to be inde- 
pendent of the initial pendulum 
energy except that a greater absorp- 
tion of energy is apparent when the 
test specimen is subjected to barely 
enough energy to cause rupture. 

The curves for reduction in area 
at the root of the notch and for 
energy absorption per unit of root 
area are quite similar as to signifi- 
cant characteristics and a_ similar 
relationship exists between the 
curves for energy absorption per 
unit of area before and after frac- 
ture. It is indicated that this should 
be expected because of the nearly 
linear relation between the energy 
absorption per unit of root area 
and the reduction in area. 

Transition temperatures based on 
reduction in area are within 5° F. 
of those based on absorbed energy. 
rransitions determined from energy 
absorption per unit of fracture area 
vary from 35°F. lower to 20° F. 
higher, but are generally slightly 
higher than those determined by 
energy absorption alone. Transitions 
based on a 15% reduction in area 
are generally 5 to 10° F. lower, and 
sometimes 15° F. lower, than those 
determined by energy absorption 
alone. It is indicated that, with an 
initial pendulum energy of 45 ft-lb., 
a fair agreement exists between the 
transitions determined here and 
those determined previously from 
the tests of specimens 72 in. wide. 

The authors point out that the 
most consistent results are obtained 
from axial tension-impact tests when 
the specimen is notched in such a 
way that virtually all the energy 
must be absorbed in the region of 
the notch. Apparently the standard 
specimen developed for this pro- 
gram of testing fulfills this condi- 
tion. Also, sharper and more definite 
transition regions are obtained at 
the lower values of initial energy. 

One of the most interesting fea- 
tures of the test is the possibility of 
using reduction in area at the root 
section to determine the transition 
range. This means that simpler test 
ing machines can be used, since 

(Continued on p. 564) 
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FOR GREATER 
HARDNESS TESTER 
ACCURACY... 


SPECIFY CLARK 
STEEL BALL 
PENETRATORS 


ee 


For dependably accurate 
hardness testing, every 
part of your testing 
equipment must be de- 
signed by experts. CLARK 
Hardened Steel Ball 
Penetrators are designed 
to give the most accurate 
possible results in the 
testing of soft metals such 
as unhardened steel, cast 
iron, brass, bronze, and 
similar metals and alloys. 
They are available in 
1/16” and 14" diameters 
at $5.00, and in 14"’, 4", 
3%," and 1" diameters at 
slightly higher prices. 
Specify crark Steel Ball 
Penetrators for more accu- 
rate ‘‘Rockwell’’ testing. 
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AMERSIL SILICA TRAYS 


—are suitable for repeated applications involving tempera- 
tures up to 1000°C. These trays are chemically inert —will 
not contaminate material treated—will withstand extreme 
thermal shock. For applications demanding temperatures 
over 1000°C., Amersil Trays may be used for short periods. 


TYPICAL APPLICATIONS 
Roasting of fluorescent powders, ores and pigments. 

Sintering of powdered metals. 
Corrosive chemical handling. 

Amersil Silica Trays are available in stock sizes and special 

sizes on short order. Flat, overlapping or matching covers 

can be furnished. 

Write to Dept. “A® for further information. 
*Trade Name Registered 


Am ERSIL COMPANY Ine. 


CHESTNUT AVENUE ENGELHARD HILLSIDE 5, N. J 





RECIPROCATING, 


CONTROLLED 
ATMOSPHERE 


FURNACES 


CONTINUOUS FURNACES SUITED TO WIDE RANGE OF 
GENERAL AND ATMOSPHERE WORK 


VERSATILITY is an outstanding characteristic of AG. F. Reciprocating 
Furnaces, which are suited to c clean h ling, normalizin 
case-hardening by the patented Ni-Carb process, and many other types of a 


AMONG USERS are manufacturers of bearings, screws, lock washers, tools, 
wrenches, flat and coil springs, steel writing pens, and man others. Commercial heat 
treaters especially favor Reciprocating Furnaces because they are able to handle the 
many varied and dilferent jobs daily received in e general heat-treating shop. 


THE ng pe MUFFLE advances work through the heat by its 
own tion of conveying mechanism from the 
heating chamber A. aint bi and heat losses to a minimum. 


There is no traveling belt to be alternately heated and cooled — only work 
enters and leaves the furnace. 


MANUFACTURED IN FIVE SIZES, Reciprocating Furnaces have capaci- 
ties ranging from 10 to 1200 pounds of work per hour. Write for detailed literature 
on these furnaces and other types of heat-treating equipment. 














AMERICAN GAS FURNACE CO. 


ELIZABETH 4, N. J. 


1002 LAFAYETTE ST. ° 
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Correct 


Furnace Atmosphere 


You'll Always 
Know with a 


GORDON 


Furnace Atmosphere 
Indicator 


Do you depend upon badly scaled or de- 
carburized work to tell you thot some- 
thing has happened to your furnace at- 
mosphere? And then spoil more work get- 
ting the atmosphere back to where it 
belongs? 

A Gordon Furnace Atmosphere Indico- 
tor will watch that for you. It makes a con- 
tinuous, thorough check of the furnace at- 
mosphere, and as soon as it changes, the 
change is detected and indicated so thot 
quick necessary adjustment can be made. 
lt works on gas or oil-fired furnaces and 
in protective atmospheres on electric fur- 
naces. 

The Gordon Furnace Atmosphere Indi- 
cator works on the principle of the rela- 
tive thermal conductivity of gases. It is so 
simple and easy to use that top results can 
be obtained with shop or non-technical 
personnel. 

Where a continuous record of atmos- 
phere readings is required, the indicator 
con be co-ordinated with a recorder. 

You can't afford to be without this in- 
strumeni ony longer. 


Price, complete with U-tube 
and Sample Filter, 110 V, 60 C, $335 


Write for descriptive bulletin 
for full information. 


"Hele ite) k 
34 SERVICE: >: 


CLAUD S. GORDON CO. 
Specialists for 34 yeors in the Heot-Treating 
ond Temperature Control Field 
Dept. 15 3000 South Wallace $t., Chicago 16, ill. 
Dept.15 7016 Euclid Avenue, Cleveland 3, Ohic 
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For Longer 
Life and 
Increased 


No. 217 “AJAX’” RAMMING MIX 


Taylor Sillimanite No. 217 Ajax Ramming Mix and 
Tayco No. 219 Ajax Mix will give long life and in- 
creased furnace production, when used for either 
the crucible section or the slot or secondary block 
in Ajax-Wyatt induction furnaces melting yellow 
brass and high copper alloys. These mixes are de- 


TaSil pre-burned secondary blocks signed for low permeability—high refractoriness— 
are preferred by many foundries. 

A variety of styles and sizes are good ramming properties and high density. 
produced. Write for prices and 

service data. 


ee a) CHAS. TAYLOR SONS: 


REFRACTORIES ENGINEERING AND SUPPLIES, LTD. 


Hemilton and Montreal MANUFACTURERS OF “REFRACTORIES ¢ CINCINNATI *« OHIO « U.S.A 
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TENSION-IMPACT 
OF SHIP STEELS 





(Starts on p. 556) 

only measurements of temperature 
and diameter would be required. 

These observations might be 
considered to suggest the following 
tentative conclusions: (a) Since 
energy absorption depends on the 
volume of metal deformed plasti- 
cally during the test, the more pre- 
cisely the volume affected can be 
defined the more uniform will be 
the energy absorption from speci- 
men to specimen; and (b) less scat- 
ter in energy absorption is produced 
by lowering strain rate in metals 
of high transition temperature. 

Although the authors have not 
exhibited plots of type of fracture 
versus temperature, the tabulated 
data on percentage of shear fracture 
seem to suggest the following ten- 
tative conclusions: (a) Appreciable 
energy absorption occurs at temper- 
atures below that at which complete 
cleavage fracture appears; and (b) 
as strain rate decreases, the temper- 
ature at which complete cleavage 
fracture appears is lowered. 


WEAR* 





THE FIRST PART of this book 

was written by F. P. Bundy, 
General Electric Co., and deals with 
theory and research. Equipment 
for testing sliding wear under con- 
stant and variable pressures is dis- 
cussed in relation to the wear of 
cylinders and rings. In spite of 
careful control of all the obvious 
variables, the author observed sud- 
den changes in the rate of wear 
and was forced to conclude that 
some of the important factors are 
difficult to control. 

In the second part, T. E. Eagan, 
chief metallurgist, Cooper-Bessemer 
Corp., describes the service con- 
ditions and results obtained from 
attempts to evaluate the importance 
of variation in metallurgical factors 
on the wear of cylinder liners. 
From these service tests, which 
included engines running under 
varying load conditions, in marine 
service and with corrosive fuels, the 
author concludes that for liners: 
(a) The best microstructure is a 


* Abstract of “Wear, as Applied 
Particularly to Cylinder and Piston 
Rings”, Cooper-Bessemer Corp., 1948. 


random flake distribution of graph- 
ite in a pearlitic matrix; (b) copper, 
if not added with chromium and 
molybdenum, is detrimental to wear 
resistance; (c) cast irons containing 
2.85 to 3.30% total C, 1.25 to 1.70% 
Si, 1.00% Mn max., 0.20% P max., 
0.12% S max., 1.00 to 1.50% Ni, 
0.30 to 0.40% Cr, and 0.25 to 0.35% 
Mo give the best combination of 
wear resistance and _  castability; 
and (d) hardening the liners from 
the normal 190 to 415 Brinell in 
creases the wear resistance, but not 
enough to justify increased cost. 
The book concludes with a dis- 
cussion of the design aspects of 
cylinder and ring wear by Ralph 
L. Boyer, vice-president and chief 
engineer, Cooper-Bessemer Corp., 
who points out that better cooling 
of the top liner, better cooling of 
the ring itself and a narrower ring 
are the three major methods for 
reducing cylinder and ring wear. 
The average metallurgist or the 
reader not familiar with this field 
may find it difficult to follow some 
of the concepts of rubbing intensity 
and wear factors, and to understand 
the diagrams in the last section. The 
book would be especially valuable 
to anyone who is considering set- 
ting up laboratory wear tests to 
simulate or interpret service results. 





Features include indire automati 


r ing and very « tilting 

















MELT and POUR 


Steels “pn la 3000 GF in 15 min. 
Bronzes “ “QhKh0OQ" § 


Boder Pouring Furnace does all this and more. 


chamber, 


pproximately 











BODER S¢cIENTIFIC COMPANY — 


PHONE - ATLANTIC 5525 
719-721 LIBERTY AVENUE 


PITTSBURGH 22, PA. 
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ew Inert Are Holders 


-.. will help you “beat par” with precisely the 


right electrode holder for your ‘‘difficult’’ welding application 





FOR MANUAL WELDING 


100-amp air-cooled holder with 
spring-type collets, metal noz- 
zle, and gas-tight, heat-resist- 
ant, resilient gasket. 





200-amp water-cooled holder 
with split-copper collets, ceram- 
ic nozzle, and gas-tight, heot- 
resistant, resilient gasket. 





400-amp water-cooled holder 

with split-copper collets, ceram- 

ic nozzle, and gas-tight, heat- F 400 Amp 
resistant, resilient gasket. f 





water-cooled holder fur- - 400-amp holder with integral 
nished complete with one piece of — water-cooled metal nozzle. Tips 
each size of tungsten and one set of of 2 orifice diameters are fur- 
collets for each size. Electrode may nished. 
be adjusted while welding. Electrode 
and collets may be changed without 
removing the nozzle. 





800-amp holder furnished with 

) woter-cooled holder fur- . one electrode assembly for each 

nished with one electrode assembly size listed and with 3 water- 

ond nozzle for each size of electrode. cooled metal nozzles, one for 

Electrode extension may be adjusted 5/16- and 3/8-in. electrodes, 

while welding. one for 1/16-in. electrodes, and 
one for 1/2-in. electrodes. 


“Balanced-wave” Welding 
Doesn't “Broadcast” 


By using a high-frequency pilot for only 1 /20th of a second 
while starting the arc, the General Electric WP Inert-Arc 
Welder eliminates continuous high-frequency radio signal. For 
more detailed information, see your local G-E Arc-welding 
Distributor, or write for Bulletins GEA-4930 and GEA-5146, 
Apparatus Dept., General Electric Co., Schenectady 5, N. Y. 


Minimized radio interference is just one of the many “plus 
volues” offered by G-E Inert-Arc welcing transformers. They 
also provide: 


A Clean Process * Economy of Current « Savings in Gas 
* Superior Weld Contour « Proper Penetration « Close 
Control of Filler Metal * Concentrated Source of Heat 


GENERAL @@ ELECTRIC 


April, 1949; Page 565 








DESIGNERS and BUILDERS 
of 
SPECIAL 
HIGH TEMPERATURE 
ELECTRIC FURNACES 


One of many Harper Furnaces 
designed for sintering metal pow- 
ders in special atmospheres at high 
temperatures to 4500°F. It is 
equipped with 3’ Dia. Graphite 
Tubular Element. Materials are 


— 


ae} 
Sell 
—_ 


passed through entrance zone into 

a 13” long uniform heating zone 

and out into a 22” long water- 

cooled cooling chamber. Gas- 

tight construction permits use of 

special atmospheres inside the fur- 

nace shell and tubular element. 

Entrance and exit doors provided 

with flame seals for maintaining 
special atmospheres. 

Write for information today on 

Harper Electric Special Carbon Tube Furnace for special designs for your high tem- 
Sintering at High Temperatures perature firing needs. 


HARPER ELECTRIC FURNACE CORPORATION 


1450 Buffalo Avenue Niagara Falls, New York 
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The most complete collection of current 
information about CERIUM’s influence on 
ferrous and non-ferrous metals. 


Ask us for your 
copy of the 
“Cerium Data 
File”. 


~ Cen Dore Fw 


The Source for Pacts about Cerium 


Pioneer and Lay 


Cermim and Certmm 
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Convenience and 

Accuracy in 
Quantitative 
SPECTROCHEMICAL ANALYSIS 


The Jaco Projection 
Comparator Microphotometer 
Offers: 


Improved Resolution: Lines as narrow 
as 10-15 microns can be photo- 
metered. 


- Greater Certainty: The line can be 
observed as it is scanned. 


A Wider Density Range: Lines can 
be photometered usefully to densi- 
ties of 1.3 and higher. 


. Increased Comfort: The unknown spec- 
trum, reference spectrum and gal- 
vanoscope scale are observed side 
by side at table level, as one 
would read a book. 


High Speed: Controls are immedi- 
ately at hand. An operator can 
readily photometer as many as 5 
lines per minute 


A Wide Field of View: The master 
spectrum covers 20mm, 100A at 
5 A/mm. 


Precise Linear Measurement: A scale 
can be supplied to read to .01mm. 


Our list of recent purchasers includes: 


Solvay Process Compaen 
Owens-Corning Fiberalas Corporation 
The Vatican 
Anheuser-Busch 
University of Chicago 
Brookhaven National Leborat 
Geological Survey (3 Ran men fi 
National Lead Coneeny 

Waterviiet Arsene 
Nationa! Bureau “i Standards # instruments) 
Watertown /\rsenal — M. |. T. Leb. 
Indiana University 
Dow Chemical Company 
M. |. T. — Geology Department 
Chance Vought Aircraft Corp. 
Fairchild Aircraft Corp. 
lowe State College 
National ographic Labs. 
Knappen, Tippett & Abbett Eng. Co 
Lowell Textile Institute 
Philedelphie Mint 


Ask for Catalogue I-4 


JARRELL-ASH CO. 


165 Newbury Steet Boston 16, Mass. 
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Mechanical Properties for 
Various Forms and Tempers 


This new Frasse data chart A-7 
supplements the usual stain- 
less property data with a wealth 
of additional detail. 
typical properties—tensile, yield, 
hardness, etc. —of bars, strip, 
sheets, plates and wire in various 
stages of cold working or heat treating. Invaluable for careful 
selection of best stainless steel for your application. Send for 


a free copy today. 





Stainless 


It shows 


Before your favorite lager is brewed, the malt 
is analyzed to determine quality and yield 
per ton. Heart of the testing equipment is this 
stainless “kettle”—a combined water heater— 
circulator that keeps the mash bath at requir- 
ed temperature. While gently stirring the 
samples for uniform suspension, this in- 
genious device automatically provides a tem- 
perature of 45°C .. . increases it 1° per min- 
ute up to 70°C and holds this maximum for an 
hour . . . cools to 25°C—then shuts itself off. 

Stainless steel is ‘used throughout, since 
even the slightest contamination makes a test 
worthless. Water is heated electrically, by ele- 
ments encased in stainless tubing. The cups 
are spun stainless sheet, the top is stainless 


plate, and the agitator assembly is stainless 


/ This stainless kettle makes a fine brew 


bar. The machine also requires stainless strip, 
pipe, valves and pipe fittings—even the legs 
are stainless angles. Yet every bit of stainless 
used in this machine is obtained—overnight— 
from a nearby Frasse warehouse. 

It’s simpler, when you're working with 
stainless steels, to work from Frasse ware- 
house stocks. The wide range of forms and 
analyses, so quickly available from this near- 
by source, is a time and effort saving conve- 
nience. For stainless, call Frasse. Peter A. 
Frasse and Co. Inc., 17 Grand Street, New 
York 13, N. Y. (Walker 5-2200) + 3911 Wis- 
sahickon Avenue, Philadelphia 29, Pa. (Bald- 
win 9-9900) + 50 Exchange Street, Buffalo 3, 
N.Y. (Washington 2000) + Jersey City +Syra- 
cuse « Hartford + Rochester + Baltimore. 


fee Stainless. Steels and, Tul 


BARS - SHEETS - STRIP - PLATES - TUBING - ANGLES 
PIPE, VALVES AND FITTINGS - ELECTRODES 


7 
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Peter A. Fresse and Co., Inc. 
17 Grand Street, New York 13, N. Y. 


Please send me a free copy of your new stainless steel 
mechanical properties data chart Sec. A, No. 7. 


Nome 
——— 


Address 


Schwarz Automatic Malt Mash Bath by 
Schwarz Laboratories, Inc. Fabrication: Metropolitan Tool Works 


17K 


Dessanesuesses 





*Another First in J Our services: 
: Hardon. Flame | HIGH 
Flame Hardening = aig - 


Treating. Bar Stock -_ > 
L k id ’ Treating and straight- ~ t N ~ | T | V | T Y 
at a esl e. ening (mill lengths a 7 
and sizes) Anneal > 
ing si Bo votes | TEMPERATURE 
Pioneers in flame hardening since 1930, ing. Normalizing 
Lakeside now introduces the finest equip- Pack, Gas or Liquid 
ment of its type in your area... the new, / Costosising am me M EF A S ul R E M E N T 
Denver Universal Flame Hardener. Offers ‘ ; pend Sees z 
all four methods of flame hardening at their — eng 
best—vertical progressive, rotary progres- oend Dietinn, Ten 
sive, spinning and combination. Features Ste oak teak Deake 
“electronic heat eye”, and complete system 
of hydraulic and electronic precision con- 
trols for uniform hardness and case depth. 
No scaling, no distortion’ It's here to serve 
you! Arrange to see this machine in 
operation . call for details. 


kw Approved Steel 
Treating Equip- 
mentby U.S. 
Air Force—Serial 
No. DE-S-24-1! 
through 30 








is one of the 
many applications of this 





THE = PORTABLE PRECISION 
° StL G, F POTENTIOMETER 


& sais LAKESIDE AVE., CLEVELAND 14, OHIO HENDERSON 9100 S Z Distinctive features include: 











1. High sensitivity, sturdy, built-in Pointer- 
lite galvanometer— permits balancing 
to within 2 microvolts in low-resistance 


b han 0.05° C. on iron- 
ag EW Model 2 a on iron 
2.C letely self- ined bly — 
a cenraeinsitiumecentneeetty— 

HARDNESS TEST Tet thermocouple circuit. 


3. Two full-scale ranges—0 to 16.1 milli- 
volts and O to 161 millivolts—readable 
to within 2 and 20 microvolts re- 
spectively. 


4. Convenient arrangement of galvanom- 
eter scale, potentiometer dials, keys 
and battery rheostats for greatest 
ease in reading and adjustment 


5. Sturdy, compact construction for many 
years of service under hord use. 


Portable Precision Potentiometers are 
available in a selection of ranges up to 
1.6 volts. Described with other Rubicon 
potentiometers in Bulletin 270 and 270-A. 


OTHER RUBICON PRODUCTS 


Golvanometers @ Resistance Standards 
Now a new Ames Portable Hardness Tester with Residence Bridges © Magnetic Werdness 
” ° testers f roductn testing « Evel 
2” throat capacity (depth and width) for -erisnd apd aps acacia eagles 

be Photoelectric Colorimeter for rapid and 
greater range. Tests flat and round stock, tubing 
and odd-shaped pieces directly in the Rockwell 
Scales. Anyone can operate to obtain accu- involving precise measurement of 
y p 
rate readings. Used by technicians, engineers, electrical quantities 
inspectors, stockmen and salesmen. 


A Test ilable in other sizes. 7 “ ) 
i ee NUBICON COMPANY 
lectrical Instrument Makers 
AMES PRECISION MACHINE WORKS 3758 Ridge Avenue ¢ Philadelphia 32, Pa 
WALTHAM 54, MASS., U.S. A. 


precise chemical analysis of metals « Mag 


netic Permeometers « Other equipment 
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Way EVERY METAL USER SHOULD... 


Take a good look at 





MAGNESIUM 


“ 


: “( AGNESIUM’S LIGHTNESS is vitally 
1X important to many users. But there 
P are other significant facts that 


every metal consumer should know about 


magnesium. 

First, magnesium is an excellent production 
material. It’s a workable material. Magnesium 
ingot is readily fabricated—in most cases with 
the same equipment used for other metals—into 
die castings, sand castings, and permanent mold 
castings possessing excellent strength, stiffness, 
and durability. 

Second, magnesium ingot is readily available. 
Today’s production facilities assure you of 


prompt delivery. More than that, magnesium 
is produced from sea water, insuring long 
range supply almost as inexhaustible as the 
sea itself. 

Third, magnesium ingot is priced more favorably 
than ever before. While most other metal prices 
have been going up, the base price of magne- 
sium has remained stable. In fact, by volume, 
magnesium ingot is one of the lowest priced 
structural metals today. 

Take another “good look”! You'll find, as have 
numerous other manufacturers, that if pays 
to use magnesium. 








Die Castings 


Send Castings 


Permanent Mold Castings 


Magnesium ingot 1s readily available 


and easily fabricated 





MAGNESIUM DIVISION 


THE DOW CHEMICAL COMPANY 


MIDLAND, 


New York © Boston * Philadeiphi 
St. Lovis © Houston © Son Francisco © Los Angeles © 5 
Dow Chemical of Canada, Limited, Toronto, Canoda 


MICHIGAN 


© Wathi 





® Cleveland © Detroit © Chicego 
eattie 


April, 1949; Page 569 











How heat treaters benefit 


Annealing Furnace Designed and 8uilt 
by Drever 
GLOBAR elements, thi 
of stainless steel tubing per 
—6 days per week. Connected 
mum operating temperature is 2 


Sintering Furnace Designed and Built 
by Drever 


work uf 


} 


GLOBAR 


“Carborundum” and “Globar” are registered trademarks which indicate manufacture by The Carborundum Company 
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with ELECTRIC HEAT 


Drever Controlled 
Atmosphere Sintering 

Furnace 
Continuously purged with 
disso ated ammonia atmos 
phere, this furnace 1s used for 
rf metal parts 
at temperatures up to 2300°I 


KW. 


sintering powd 


Connected load 1s 20 


GLOBAR silicon carbide heating 
elements installed in properly engi- 
electric maintain 

work tempera- 
tures. This characteristic makes them 


especially acsirabdic 
pecially desirabl 


neered furnaces 


uniform chamber 
for handling 
many difficult heating assignments. 
It is an important reason why they 
can be depended upon to produce 
consistently excellent results 


Cleaner operation also characterizes 
electric furnaces equipped with 
GLOBAR heating elements. Expen- 


sive exhaust systems are unneces- 


sary due to absence of dirt and fumes 
Scale is eliminated. Time consum- 
ing cleaning operations are avoided 
And since these elements burn very 
little oxygen out of the air, an oxi- 
dizing atmosphere is assured while 
a reducing atmosphere may be ob- 
tained under controlled conditions 


With GLOBAR clements, furnace 
maintenance is greatly simplified 
Element service is long and depend- 
able. Replacements are quickly and 
easily installed. Safer high tempera- 


ture operation is realized through 
elimination of explosion and fire 
hazards 


Investigate the possibilities of elec 
tric heat in Our 
technical staff is at your disposal to 


your ope ration 


aid you in seeking a solution to heat 
ing problems or analyzing present 
techniques. There is no obligation 
of course. Write Dept. X-49, The 
Carborundum Company, GLOBAR 
Division, Niagara Falls, New York 


GLOBAR Heating Elements 


sy CARBORUNDUM 





— MARK 
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PRECISELY!... 


@ Agriculture 
@ Biology 

@ Ceramics 
@ Geology 

@ Medicine 
@ Metallurgy 
@ Oils 

@ Research 


Projection- comparators, 


Microphotometers 


Spec-Power 


Multiple Source Units 


ACCURACY... SPEED... ECONOMY... 


Both industry ond science need precise and quickly—in 
their analytical work today. And becouse of the volume of work 
being handled in today’s modern laboratories, the per-unit cost 


of analysis must be smo 


Spectrographic Laboratory Equipment has met these requirements 
They are capable of handling samples for analysis on a production 
line basis—and yet maintain the highest degree of accuracy. Low 
unit cost of Spectrographic Analysis enables the continuing control 


of materials flowing into demanding industrial channels 


*National Spectrographic Loboratories, Inc. furnishes o complete 
line of the finest Spectrograph c instruments obtainable. In addition 
we furnish a complete analytical service, reporting your onolysis 


within two days of receipt of your samples 


For further details, write or wire National Spectrographic 


Laboratories, Incorporated, 6295 Euclid Avenue, Cleveland 3, Ohio 


Quort: Step Filters +« Pure Metals and Salts, by 
Preformed Graphite Electrodes + Johnson, Matthey Ltd 
Graphite Shopes + Spectrometers 


Photographic Films ond Plotes 
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The series of 


20 articles on 


TETAML 


which ran in recent is- 

sues of Metal Progress 

has now been reprinted 

as a 42-page pamphlet. 

These articles discuss: 

PRODUCTION OF 
POWDER 


CONSOLIDATION OF 
POWDER 


INDUCTION AND 
ARC MELTING 


VACUUM MELTING 
AND CASTING 


SPOT WELDING 
PHYSICAL 
PROPERTIES 
MECHANICAL 
PROPERTIES 
HIGH-TEMPERATURE 
PROPERTIES 
CORROSION 
RESISTANCE 
TITANIUM ALLOYS 
SELECTED BIBLIOGRA- 
PHY OF 114 RECENT 
REFERENCES 


s j.00 


per 


Cc opy 


Send your check and 


order to . 


American 
Society for 
Metals 


7301 Euclid Avenue 
Cleveland 3 + Ohio 








HI-TEMPERATURE TOOLING — ENGINEERED AND BUILT FOR THE JOB AS NEVER BEFORE! 


By The Largest Manufacturer Of Retorts And Tooling For Modern Carburizing Processes 


Better Planned — Better Tooled — Better Manned! 


Continuous Furnace Trays 


<—“@ Carburizing Retorts 


WE MAKE A COMPLETE RANGE OF HEAT AND CORROSION RESISTANT CASTINGS 


We have a standard line of highly developed heat treating equipment pressure cast from metal patterns 


which, if they are suited to your use, will render far better service than contemporary designs made by conven- 


tional foundry methods. 
fixtures—trays for pusher furnaces 


corrosion resistant applications. 


HEAT RESISTANT ALLOYS 


Approximate Analysis 


Name Nickel Chrome 
68% 18% 
60% 2% 
38% 

35% 


30% 


Carbon (nominal) 
Accoloy As Required 
niin - 

Accoloy 


Accoloy 


Accoloy 


18% 
15% 
10% 
Name Nickel 

3% Max. 
10% 


20% 


hrome 
1 28% 


28% 


Carbon (nominal) 
Accoloy 20° t 
Accoloy AX 
Accoloy 
Accoloy 25% 12% 


, 18% 8% 


3 25% 
Hy 


.N- 
N- 
Ne 
N- 
N- 


Aces oy 


*Top quality alloys recommended for maximum service at mini- 
mum overall cost. Each is definitely a much better value at slightly 
higher cost than the alloy immediately below it 


These items include cyanide, lead and salt pots, carburizing retorts and boxes, trays, 
chain-hearth plates, ete. 


Nickel-chrome and chrome-alloy for all heat and 


CORROSION RESISTANT ALLOYS 


Approximate Analysis 
Nickel 
12% 


12% 


Name 


Carbon 
20% 
10% 
8% 16% 
BY, 10% 
BY O7T% 


Chrome 
24% 
24% 
18% 
18% 
18% 


NCAD 
Accoloy CNC-4B 


Accoloy ( 
( 
Accoloy CNC. 
‘ 
( 


max 
max. 


max 


INC.5B 
-NC.5A 


Accoloy mat 


Accoloy max 


All of the corrosion resistant alloys can be supplied with .30% 
Selenium for machining qualities; with Columbium or Titanium 
for carbide stabilization and with 1449, Molybdenum for special 
anti-corrosive properties Molybdenum may be increased to 
3°) in some grades 

The Heat Resistant analyses are made 
with a variety of secondary alloying ele 
ments, manganese, silicon, molybdenum 
titanium, tungsten, copper, aluminum, ete., 
for special purposes 

4 is a partial list of the alloys we 
are most currently producing. We make 
many others 


ALLOY CASTING COMPANY 


Champaign, Illinois 


ACC 








ENGINEERING Serrité.s 


in £8 RS ciTre~e€s 





Chicago: F. J. Staral — Tel. Delaware 7-4430 
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Detroit: Frank W. Faery — Tel. Temple 1-7878 
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with Du Pont 


CCELERATED SALT WS 


The Free-Washing Liquid Carburizer 





za 
Check these 9 outstandin g Advantages 


/. Free washing—The salts composing this bath and 
their decomposition products are completely water solu- 
ble. Even detergents that may be used in cleaning oil- 
quenched work do not precipitate water insolubles with 
Du Pont Accelerated Salt WS. 

2. Excellent carburizing activity—over a wide oper 
ating temperature range (1500°—1650°F. 

3. Bail-out eliminated—The high cyanide content of 
Accelerated Salt WS (66°, NaCN, minimum) will main 
tain the average bath at operating strength by simply 


diminishing drag-out losses 


4. Excellent fluidity 


on the treated work. 


A minimum of salt dragged out 


5. Low molten density 
and reduced fresh salt replenishments as compared to 
the barium-activated salt baths. 


Less salt for the initial « harge 


6. Minimum heat radiation losses and fuming — with 
the floating graphite cover. For the convenience of the 





operator, graphite is incorporated into the Du Pont 
Accelerated Salt WS mixture 


i Easy-to-handle pellets 
approximately one ounce. A minimum of dust to annoy 
the operators when making bath replenishment ad 
ditions 


uniformly sized weighing 


8. No sludge formation — from infusible salt residues 
All salts in the Du Pont Accelerated Salt WS mixture 
and their decomposition products form an homogenous 
melt at operating temperature 


9. Simple bath control—A single replenishment will 
maintain activity for at least twenty-four hours at op 
erating temperature. Cyanide analysis, which is rapid 
and simple, is the only chemical control required 





For further information on Du Pont Accelerated 
Salt WS, or for experienced advice and technical 
assistance in selection and application of Du Pont 
heat treating materials, write or call our nearest 
district office. E. I. du Pont de Nemours & Co 





FREE MANUAL 


ON MOLTEN SALT BATHS 
of practical 


More than 70 pages tully 


material on heot treatment, 
illustrated. Ask for your copy 


mic vu 5 pat oF 


BETTER THINGS FOR BETTER LIVING 


Inc.), Electrochemicals Department, Wilmington 
98, Delaware. 


DISTRICT OFFICES: Baltimore, Boston, Charlotte, Chicago, Cin 
El Monte (Calif New York 
Philadelphia, Pittsburgh, San Francisco 


cinnati, Cleveland, Detroit 


Tune in to Du Pont “Cavalcade of America” Monday nights—NBC Coast to Coast 


DU PONT 
CYANIDES and SALTS 


for Steel Treating 


THROUGH CHEMISTRY 
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built with 3 
MEEHANITE, CASTINGS 
for... 


““Control of Hardness’”’ 


ri 
Fig. 2. Typical set-up of Meehanite extension parallels. 


“High Strength”’ 


The precision jig borer illustrated (Fig. 1), manufactured by the Moore 
Special Tool Co., Inc., Bridgeport, Connecticut, uses Meehanite castings exten- 
sively because of their contribution to the quality, accuracy and precision 
operation of this machine tool. 
The important castings indicated are, according to the chief engineer of 
the company, specified as Meehanite castings for the following reasons: 
1. “Close control of hardness for maximum wear resistance, yet just 
within the range of hand scraping.” 
2. “Uniform close grain for good machinability and absence of blow 
holes.” 
3. “High tensile strength and resistance to deflection.” 
In addition a number of fixtures similar to the extension parallels (Fig. 2) are 
Meehanite castings for similar reasons. 
Complete machining data for various types of Meehanite castings is tabu- 
lated and illustrated in our new Bulletin No. 29 “How to Machine Meehanite 


Castings.” For a copy write to any of the foundries listed. 


ee 


Fig. 1. Important 
Meehanite castings 
used in the construc- 
tion of the Moore 
No. 2 Jig Borer. 


MEEHANITE 


American Brake Shoe Co. : 

The American Laundry Machinery Co. 

Atlas Foundry Co. 

Banner iron Works. 

Barnett Foundry & Machine Co. 

H.W. Butterworth & Sons Co. 

Continental Gin Co. " 

The Cooper-Bessemer Corp. Mi. Vernon, Ohio and Grove City, Pa. 
Crawterd & Doherty Foundry Co. Portland, Oregon 
Farcel-Birmingham Co., Inc. An suia Connecticut 
Florence Pipe Foundry & Machine Co Flevence, New Jersey 
Fulton Foundry & Machine Co. Inc. Cleveland, Obie 
General Foundry & Manufacturing Co. Flint, Michigan 
Greenlee Foundry Co. Chicago, Illinois 
The Hamilton Foundry & Machine Co. Hamiltes. Obie 
dobnstone Foundries, Inc. Grove City, Penesyivania 
Kanawha Manufacturing Co Charleston, West Virginia 


Koehving Co. Milwaukee. 

Lincoln Foundry Corp Los Angeles, Catitornia 
The Heary Perkins Co Bridgewater, Massachasetts 
Pobiman Foundry Co. Inc Boftaie, New York 
Resedsic Foundry & Mochine Co 
Ross-Meehan Found: ies 

Shenanre Penn Meld Co 

Senith 'ndustries, lec 

Standard Foundry Co 

The Stewar-Roger Manwlactaring Co 
Traylor Engineering & Miz. Co 
U. S. Challenge Co. 

Valley tron Works, Inc. 
Vulcan Found’y Co. 


E. Long Lid. 
Otis-Fensom Elevator Co.Ltd 


Worcester, Massachesetts 
Denver, Colsrade 
Alientows, Pennsylvania 
Centerville, lows and Batavie, Hlineis 
St Pout, Minnesets 


“This advertisement sponsored by lourdries listed above.” 
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Meehanite 
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“Th hd A im 
Pre Lt etd to 
MAU 
PUA UA 
WRUAUR OAMARU ODS 
SER ER ERE REE 


We can help you cut wire ma costs eaeeeas, 


With 


East and West Coasts 


manufacturing facilities on both the 


and engineering sales 


service in key cities throughout the nation, 


we can help you find the answers to your 


wire cloth problems 


Backed by 90 


100 ind 


years experience our service 


to over ustries covers the precision 


fabrication of wire cloth in a dozen ditterent 


coarse and fine weaves; in all commonly used 


metals; to withstand chemical action, 


Corro- 


sion, abrasion, moisture, or high temperature 


Whether you 


use wire cloth for screening, 


WISSCO We 


of the Rockies it’s LAbsiae) 


WICKWIRE SPENCER STEEL 
STERLING ST., CLINTON, MASS. 


a — 


fileering, grading cleaning, or processing, 


you'll find Wissco and Calwico Wire Cloth 


will give long, 


Supt 


Even under excessive vibration these screens wont 


wear loose in service 


dependable service. 


PRECISION SCREENS 


They re made of tough super 
tem pere ! steel and woven on 


looms Wissco a 


Screens Stay 


1ew modern power 
nd Calwico Super-Tem 


tight and 


pered Precisior 
accurate throughout a long lite 
Any length required for vibrating screen or trommel 
can be turnished with welde 


1, hooked. or reinforced 


edge to tit any type of vibrator. Write for details 


CALWICO 
CALWICO On the Pacific Coast 


THE CALIFORNIA WIRE CLOTH CORP. 
1080—19TH AVE.,, OAKLAND, CAL. 
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~ Mn-li steers 


[ STRENGTH — DUCTILITY — WELDABILITY — ECONOMY ] 


SINGLE BEAD WELDS BENT BEYOND 
MAXIMUM LOAD 


Manganese-Titanium Steels show a low 
sensitivity in the weld notch test that 
is unusual for a high strength steel, This 
is clearly illustrated in the notch test 
comparison of manganese-titanium 
steel with manganese-vanadium plate 
shown here. 


Saw-Cut notch prior to bending 


Mn-Ti Steels produce better structural 
and plate sections. A minimum yield 
strength of 50,000 psi. is consistently ob- 
tained with 4” sections. Greater econ- 
omy also may be obtained because of 


the low cost of total alloys in the steel. MANGANESE TITANIUM HIGH STRENGTH PLATE 


In addition to weldability, strength, and 
ductility, manganese-titanium steels 
resist abrasion and certain types of cor- 
rosion. Where cost is also a considera- 
tion, manganese-titanium steels have a 
decided advantage. 


V-Notch machined prior to bending 


You can get detailed information on 
the latest developments in manganese- 
titanium steel plus technical advice 
on TAM Metallurgical Alloys and their 
application through our sales office or 
field engineers. Writing today is your 
first step towards obtaining a source of 
authoritative information and assistance. 


MANGANESE TITANIUM HIGH STRENGTH PLATE 


TAM is a registered trademark. 


TITANIUM ALLOY MFG. DIVISION 


NATIONAL LEAD COMPANY 
Executive and Sales Offices: 111 BROADWAY, NEW YORK,N.Y. «© General Offices and Works: NIAGARA FALLS, N.Y 
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Columbia 


ppedte) ey: 
Low cosTs— 


With economical pro- 
duction the watch-words 
of the day, the value of 
good tool steel is in- 
creasingly important. 


Fh ee 
S LAN ee 


COLUMBIA TOOL STEEL COMPANY 


SOO EA if 4TH TREET 






































IL | 
CARBURIZING COMPOUND 


For Uniform Activity 


Char Carburizers, with only 10% to 15% new 
added, give more uniform activity in continued 
runs than other carburizers with 25% new added. 
The reason is that in Char the energizing material 
is sealed within a heavy shell of carbon, and 
cannot dust away. 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BLDG., INDIANAPOLIS 4, IND. 





Here’s another advantage of the... 


a ~ ~ 
"ay i 


> 
- 


i 


Write for your free copy of the new Heroult Catalog. 


a4 


mS) + | 


Ye 
GANTRY-TYPE 


ELECTRIC MELTING FURNACE 


Roof moves over 
tapping pit, eliminating re- 
flected heat, on operating 
platform. 


AMERICAN BRIDGE COMPANY 


veneral Ofhces: Frick Building, Pittsburgh, Pa 
CHICAGO - CINCINNATI - CLEVELAND 

DULUTH MINNEAPOLIS 
PHILADELPHIA ST. LOuIS SAN FRANCIS( 
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Here is the answer to the problem of firing 
many types of air heaters, ovens, kilns, boilers 
and other industrial appliances. 

The Bryant Pow-r-sembly is supplied in various 
arrangements of accessories to provide com- 
pletely automatic, semiautomatic or manual 
operation. Furnished either as single or twin- 
nozzle units with one blower and governor 

The Pow-r-sembly can be adjusted for any 
type of flame. And, once set by a simple, quick 
adjustment, it will maintain the same flame 


characteristics day after day. The Pow-r-sembly 
is smooth-running and quiet in operation, 
burns any low-pressure gas. Flanged con- 
nections permit arrangement in any desired 
position... without special adapters or extra 
equipment. 

Pow-r-sembly features the industry's most 
compact proportional mixer—the Mixjector. 
For prices, complete details and specifications, 
write Industrial Division, Bryant Heater Co., 
1020 London Road, Cleveland 10, Ohio. 
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For research ... for production ... 


TEMPERATURES 7W/CE THE / 
MELTING POINT OF STEEL . 


55 
Oo & ¢ 
al 00 t 


4300F 345Q¢p 


Industry Uses These Temperatures Today 
~~. with Norton-Developed Refractories 


EMPERATURES as high as 4300° F. for sintering cor- 

bides . - - up to 4700° F. in the manufacture of 
acetylene . - - even UP to 5500° F. in certain research 
projects - + - that's the trend in industry today toward 
higher and higher temperatures. 
High temperatures call for special refractories in which 
Norton Company has been pioneering for 36 years. Asin 
many industries, metalworking plants also are turing fo 
Norton for special refractories to handle today’s super 
temperatures. Outstanding in high temperature operations 
are Norton's pure oxide refractories of thoria, zirconia, fused 
magnesia (MAGNORITE*) and fused alumina (ALUNDUM*). 


in addition to handling super temperatures in metalworking 
plants, Norton refractories are handling heat for many 
industries—chemical; ceramic; power and gas generating. 


*Trade-mark reg. U. $. Pat. Off. 


* “> = 
“tha -gh~ me H- a =e 


the main Worcester plant of Norton Company 
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“Everybody talks about the weather, 
but nobody does anything about it!” 


THERMOSTATIC 
BIMETAL 





Selected for 
Ohio Thermometer 


The Brush Single-Channel 
Oscillograph with Carrier 
Amplifier, Mode! BL-310, 
Oscillographs available in 
Double and Six-Chonnel 
units also. 


No. 26 —Product of the | 

OHIO THERMOMETER COMPANY | 
| 

Springfield, Ohio q 


A coil of Chace Thermostatic Bimetal in the analysis is instantaneous, 


Ohio Advertising Thermometer helps keep 


advertisements before the public because, permanent, and accurate 


when ‘Everybody talks about the weather,” 
eyes travel at once to the nearest thermometer. 


The Ohio Thermometer uses Chace No. 6650 


Thermostatic Bimetal for the thermal element gages or o 


in the form of a spiral coil—one end of which Analyzer” 


is attached to the indicator shaft, the other end suitable p 
fixed. Change of temperature rotates the 
pointer to the correct temperature value. The 
markings on the dial have been carefully 
graduated to conform to the exact character- 
istics of the bimetal coil based on actual test, 


with the “Strain Analyzer” 


Designed for use with wire strain 
ther resistance elements. Two "Strain 
models are available, which, with 


ickups, give immediate records of 


strains, pressures, temperatures, torques, vibra- 
tions or accelerations. Either static or dynamic 


phenomena up to 100 c.p.s. may be recorded. 


Investigate Brush measuring 


thereby giving accurate temperature indica- devices before you buy... they 
tions, throughout its range from —30 to 120°F. offer more ‘for your money. 


Chace Thermostatic Bimetal is available in 
strips or finished pieces for various desired 
applications. For aid in designing the actuating 
element for temperature responsive devices, 
consult or write our engineering department. 


w. M. CHACE co. “Bruth 


Manufacturers of Thermostatic Bimetals DEVELOPMENT CO 


1626 BEARD AVE. + DETROIT 9, MICH. 





A. C. Wickmon 
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Write today for detailed 


information on this equipment 


3405 Perkins Avenue © Cleveland 14, Ohio, U.S. A. 
MAGNETIC RECORDING DIV. © ACOUSTIC PROD. Div. 
INDUSTRIAL INSTRUMENTS DIV. © CRYSTAL DIVISION 


Canadion Representatives 


Coanoda) itd., P. O. Box 9, Station N, Toronto 14 








Alcoa Aluminum Fasteners offer you 
corrosion resistance at lowest cost 


Aleoa Fasteners are corrosion resistant all 


the way through——won't ever red rust- 


streak your aluminum assemblies. Made of 


tough aluminum alloy 
a strong, tight joint. 

Aleoa Fasteners are available from 
stock with Phillips or slotted heads: in 
sheet metal, wood and machine screws: 


standard threads in all popular sizes and 


pW edey | 
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. they pull up into 


head types: nuts, bolts, 


lock 


washers. solid or tubular rivets and cotter 


washers, 


pins also available. 
Investigate the low cost and sales ad- 
vantages Aleoa Fasteners can give you! 
Write today, on your letterhead, for free 
samples to AnLuminum Company or 
Amentca, 2101 Gulf Bldg., Pittsburgh 19, 


Penna. Please specify types and sizes. 


ALCOA 


=~ \& 
FASTENERS 





Annealing Furnace Door and Car Top 


easier, more economical to build... more serviceable 


with LUMNITE REFRACTORY CONCRETE 
i" 









































MI 


























Exterior of door linings on Annealing 
Furnace, built with Refractory Insulating 
Concrete. 


CONSTRUCTION: This big furnace door was cast in the metal 
door frame. Refractory Insulating Concrete, made with 
*"LUMNITE” cement and crushed insulating firebrick grog, was 
placed in the forms. Within 24 hours after placing the door was 
ready for service. 


SERVICE: Operating costs are reduced. With its monolithic, one- 

piece construction, there are no small units to work loose and 

weaken the installation. Absence of joints and the exceptional 

insulating properties of Refractory Concrete reduce heat loss and 

infiltration of cold air. Repeated heating and cooling of the fur- 

nace does not cause the Refractory Concrete to deteriorate, be- 

cause it is exceptionally resistant to spalling and other effects 

of furnace temperatures. Thus furnace efficiency is kept at a FURNACE CAR TOP of Refractory Concrete was 

“s : : cast in place in simple side forms. Monolithic 

high peak and maintenance expense remains low. construction with Refractory Concrete, made 

: with LUMNITE calcium-aluminate cement and 

send for detailed information on methods of using Refractory crushed firebrick, permits easy setting of heavy 

Concrete in annealing furnaces. Write to LLEMNITE DIVISION, forgings, castings or annealing boxes. No small 
: ~ . “¢ Ua = ‘ units to tear out and leave ragged, rough sur- 

Universal Atlas Cement Company (United States Steel Corpora- faces. No joints to fill with scale and dirt. High- 

: S apne PPS , " - on , ly resists © spe 

tion Subsidiary), Chrysler Building, New York 17, New York. y resistant to spalling 


LUMNITE” ts the registered trade mark of the « 


cement manufactured by Universal Atlas C 


alctum-aluminate 
‘ement Company 

















“THE THEATRE GUILD ON THE AIR’’—Sponsored by U.S. Steel Subsidiaries—Sunday Evenings—ABC Network 
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Two helps in answering your 
new Heat-treating Problems 


fn the new Furnace Catalog No. 110 you will find 
equipment that applies the famous “Certain Curtain” 
atmosphere-control principles to hardening all steels, 
sintering, tempering, brazing, annealing, soldering. Also 
you will find a wealth of data and tables. Here is your 
key to what is most modern and successful for the best 
in heat-treating. 


Here we work on your samples to find a way to accom- 
plish the heat treating results you require. Once the suc- 
cessful method is established here in the “pilot plant”, you 
know you can duplicate the results in your plant because 
we use only production models of “Certain Curtain’ 
equipment. USE OUR LAB SERVICE FREELY. Ask our repre- 
sentative nearest you. 








; rr A HANDLE { 
AND 
5 


boyvryYyY 


YOU'VE GOT AN ACCURATE 


BRINELL Yorcssion, 


It’s just that simple to operate this advanced hardness- 
testing machine—especially designed for small 
shops, laboratories, heat-treat plants, schools, found- 
ries, etc. It’s called the 


(Manually operated — 


BRINELL testinc macuine 


Model J requires no laboratory technique—you lift the 
handle to apply the load—you bring the handle forward 
and down to raise the weights and release the part. No 
maintenance trouble or expense, nothing to get out of 
order—few moving parts. Accurately calibrated for loads 
of 3000—2500—2006—1500—1000—500_ kilograms. 
Other valuable and exclusive features. Available in bench 
model or floor model—also motorized. Write for de- 
scriptive leaflet. 


PUT YOUR TESTING PROBLEM UP TO US 


We have the machine you need, or can produce it. Full 
line of Brinell hardness, transverse, tensile, ductility, 
compression and hydrostatic testing machines. A 30 year 
record of successful accomplishment for American indus- 
try. Write for information on our entire line or send 
us details of your problem. 


Steel City TESTING MACHINES, INC. 


8835 LIVERNOIS + DETROIT 4, MICHIGAN 





Model J 


dead weight ty pe) 











INCREASED DIVERSITY 


—tn production coutrol 


To the proven instrumentation for X-ray 


diffraction, which serves as a practical 


aid in rapidly identifying, comparing 
and analyzing raw and finished mate- 
rials, processes, finishes, etc., NORELCO 
now adds its latest development in X-ray 
Ditlraction Spectrometry the High- 
Angle Spectrometer. 

Besides achieving higher back retlec- 
tion angles than hitherto, with a greater 
degree of accuracy and higher intensi- 
ties, the Spectrometer incorporates the 
Nore.co Geiger Tube-Recorder System 
which provides patterns of relative dif- 
fraction intensities on a chart — offering 
definite proof of identity for production 
control in a relatively short time. 

* * 7 
Write today for complete details on this important 
idvapcement in research and control equipment 


NORTH AMERICAN 


PHILIPS 
rT 


OMPANY 


TH AMERICAN 


PHILIPS 


COMPANY, INC. 
\ “a A Research and Control Instruments Division 


750 SOUTH FULTON AVENUE, MT. VERNON, N. Y. - 


In Canada: Philips industries Lid., 1203 Philips Squore, Montreal 
Export Representative: Philips Export Corp.,7 50 South Fulton Ave., Mt. Vernon, N.Y. 


whe’ 
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you can 6E SURE.. te irs 
V estinghouse 


GAS-FIRED OR ELECTRIC 














FOR THE MAN 
WHO CAN'T BE “SOLD” 


Careful buyer? Then, here is help in selecting 
the equipment to do your job best. You see, 
Westinghouse makes both electric and gas- 
fired furnaces, plus the atmosphere equipment 


This unbiased engineering and metallurgical 
service is called Therm-a-neering. It matches 
the equipment to your job . . . provides the 
hundreds of design details that make your heat- 


that may be required. Thus, Westinghouse 
engineers have no favorite type of firing or 
construction to sell. Instead, they study your 
heat-treating problems with a view toward 
recommending the equipment to do your 
job best. 

And you can preview results! A well- 


treat line run smoothly and economically. 
Give Therm-a-neering a chance to help you. 
You won't have to be sold. You'll know why 
it’s best to buy Westinghouse. Call your nearby 
Westinghouse representative for details, or 
write Westinghouse Electric Corporation, 180 


Mercer Street, Meadville, Pa. J-10346 
equipped metallurgical laboratory will sample 

heat-treat your work and demonstrate the mass 

production results you may expect. 


Therm-a-neering. 
OFFERS WITHOUT OBLIGATION: 


ENGINEERS —Thermal, design and metallurgical engineers to help you study 
your heat-treating problems with a view toward recommending specific heat- 
treating furnaces and atmospheres. 


RESEARCH—A well-equipped ea laboratory in which to run test 
samples to demonstrate the finis' , and ilurgical results that can 
be expected on a production —4 

PRODUCTION—A modern plant devoted entirely to industrial heating. 


EXPERIENCE— Manufacturers of a wide variety of furnaces—both gas and elec- 
tric—and protective atmosphere generators. 


A HEAT AND METALLURGICAL SERVICE THAT ao 
‘ * 


Cy: GAS AND ELECTRIC 
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EBERBACH 
COMBUSTION TUBE WINDOW 


Reaction inside the combustion tube may be 
observed through the cobalt glass eyepiece with- 
out disconnecting the apparatus. Tubulature 
connects to the combustion train. The window 
fits the intake end of combustion tube by means 
of a rubber stopper. The cobalt glass window is 
fitted into the nickel-plated brass unit with 
washers so that it is gas-tight. No. 24-670 Com- 
bustion Tube Window sells for $5.00. 


LABORATORY 


APPARATUS 
? Q p C- SUPPLIES 
Scenanteniatd 


ANN ARBOR. MICH. 


m 4 ” 
METALLURGICAL in “pamphlet size 
LIBRARY ) 














@ Here is a handy 
reprint for your reference shelves—a con- 
venient source when you want to dig out 
some “book-learning”’. 


SIBYL WARREN’S 


Bibliography of Metallurgical Books 
1936-1946 


which ran serially in Metals Review during 
the past year has now been reprinted as a 
20-page, 8x1l pamphlet. An author index 
is added and its convenient classification by 
subject will help you locate sources of in- 
formation at the moment you need it. 


$1.00 per copy 


Send your check and order to: 


AMERICAN SOCIETY FOR METALS 


7301 Euclid Avenue Cleveland 3, Ohio 














for more information, 


W. LANE AVE. 


send it 
for Ilustrated Technical Folder 


MARSHALL 
gecepowceh 


insures 

ACCURACY 

in high temperature 
testing of metals 


Laboratory technicians demand Marshall high 


ment where accuracy and temperature uniformity are essential. They 


know that the Marshall Furnace provide temperature dist 


bution, and the Marshal! Controller regulates heat and holds tempe 
oture fluctuation to a minimum 

With the Marshall Furnace and Controller 
formity of 3° F. over the gouge length of the specimen is eas 


obtained. In fact, many users report holding the 


1° F. throughout the test length 


Marshall Equipment is readily adaptable to many laboratory tests 


rupture tests are made at high temperatures 


ee ee eo 


COLUMBUS 1, OHIO 
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temperature equip 


3 temperature un 


temperature te 


is especially suitable where tensile, fatique, cree r stress-strain 






























































From the metal stock to the finished heat 
treated product Loftus serves the Metal- 
lurgical field with a complete line of — 


HEAT TREATING EQUIPMENT 


Consult Loftus for a single furnace 
or an entire plant. 


CAMPION FURNACE DIVISION 


~ wf 
Premera 6 WU S/AEN GIN EER |N Gitte 
° ‘ 
Designers and Builders orfotation Engineers, Consultants, Contractors 
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m Accurate Temperatures 


AT A GLANCE WITH THE SIMPLIFIED 
PYRO OPTICAL PYROMETER 








Any operator can quickly determine tempera- 
tures on minute spots, fast moving objects and 
smallest streams. Completely self-contained. 
No calibration charts or accessories needed. 
An accurate, direct reading Pyrometer that 
pays for itself by helping prevent spoilage. 
Weighs 3 lbs. Available in 5 temperature 
ranges (1400° F. to 7500° F.). Ask for free 
Catalog No. 80. 


8 Instruments in One 
The NEW Pyro Pyrometer handles— 
all surface temperature measuring jobs. Has 8 
types of thermocouples; all interchangeable in 
seconds with no recalibration or adjustment. 
Automatic cold end compensator. 
=> 


a a ‘2 
Shock, moisture and f T q ’ 


dust proof. Accurate, ) 
big 444” indicator - 

Available in 5 temper- 
ature ranges 


| 


' 
ii | 
i 


aa tit . , 


ASK FOR FREE 
CATALOG No. 160 


The Pyrometer Instrument Company 
New Plant and Laboratory BERGENFIELD 8, NEW JERSEY 


Manufacturers of Pyro Optical, Radiation, immersion 
& and Surface Pyrometers for over 25 years a 





CARL-MAYER HIGH TEMPERATURE FUR- 
NACE, recirculating air heater type, for tem- 
peratures up to 1,200°F., as installed for 
Timken Roller Bearing Company. @ We also 
build Conveyor and Batch Type Furnaces up 
to 2,000° F., for heat treating, normalizing, draw- 
ing, etc., using gas, oil and other fuels. @ Our 
many outstanding achievements make it well 
worth your while to consult Carl-Mayer Engi- 
neers on your next installation. 


3030 Euclid Avenue, CLEVELAND, OHIO. 
EP RMSE oe oe 





You can solve any heat or corrosion problem with.... 





STANDARD ALLOY COMPANY, IMC. 


CINCINNATI 
Pearson Browne 
let National Bank Bldg 


DETROIT 

Gehringer & Forsyth 

16151 James Couzens 
Highway 


BUFFALO 
bk. A. Mansfield 


Ellicott Square 


CLEVELAND 
CHICAGO C. B. Jackson Sales & HOUSTON 
Harry N. Steffen Engr. Co B. F. Coombs 
4821 W. Cortland St 15201 St. Clair Ave 309 Oil & Gas Bidg 


PHILADELPHIA 
Towle & Son 


18 W. Chelton Ave. Bldg 


PITTSBURGH 
Robert A. Schmidt 
404 Frick Building 


STANDARD NICKEL CHROME 
ALLoy CASTINGS 


Obviously, no one alloy is versatile enough to meet 
every requirement. Each installation presents different 
demands and must be considered individually. There- 
fore, to insure that each problem receives full and 
intelligent consideration Standard Alloy has amassed 
a wealth of data, from tests and actual operation, 
showing the composition of alloys and unit-design 
necessary for the successful operation of high tem- 
perature equipment. Standard Alloy’s background and 
advancements in the design and production of all 
types of heat and corrosion resistant alloys is your 


assurance of dependable, quality castings. 


Write for Standard Alloy 24-page Catalog 


1677 COLLAMER ROAD 
CLEVELAND, OHIO 


MILWAUKEE LONGMEADOW, MASS. 
El. P. Lindergren B.G 


3748 W. Greentield Ave 


G. Constantine 
Control Engineering Co 
51 Converse St 


MINNEAPOLIS 
RK. E. Hayden 


200 Lumber Exchange 


NEW YORK CITY 
R.B. Steele 
254 West 3let St 
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Sunbeam << 
STEWAR] 


WIDE RANGE OVEN 


(Operating range 300°—2400° F.) 





Covers practically every phase 
of heat treatment 
ALL IN ONE FURNACE - - 


300° in 5 mins. —300 to 900° in 3 mins. — 
900 to 1500° in 7 mins. —1500 to 2000° in 13 mins. — 
2000 to 2400° in 12 mins. — 


Returns from 2400 to 1100” in 30 mins 


= ANY, ne 
EWRITER Comp. ine 
Roar lv? 


ol IDEAL FOR SHOP 
pavion OR GENERAL PLANT USE 


ee 


Designed for all types of heat treating— 
from low temperature draws to hardening of 
high speed steels. Wide range operation in 
iaht one furnace eliminates need for two furnaces 
a nee ei of different temperature ranges. Gas-fired, 


n the fur- this spread of 2100° F. is made possible by 


og ight 

«. , Right heat, right 
tmosphere- It is the finest ot ; 
; orked with. The hea , ) 
ever W , 1 3." . new Sunbeam Stewart burners which permit 
nace where it belong 


a 95% turn-down range of fuel. Mail coupon 


ar % 
in many weyt. 


below for complete information on the size 


to meet your needs. 


Sunbeam Stewart Furnace Div., 4433 Ogden Ave., Chicago 23, lil. 
Heating Space: 4"x8"x12" 6"x12"x18" () 9"x15"24" 








FOR COMPLETE INFORMATION 


Attach to company letterhead, (Nome) 
or write on company stati + 


MAIL TODAY vas 


(Position) 











(Address) 


SUNBEAM STEWART INDUSTRIAL FURNACE DIVISION of SUNBEAM CORPORATION 
(Formerly CHICAGO FLEXIBLE SHAFT CO.) 
Main Otfice: Dept. 108, 4433 Ogden Ave., Chicago 23 — New York Office: 322 W. 48th St., N.Y. 19—Detro# Office: 3049 E. Grand Bivd., Detroit 2 
Coneda Factory: 321 Weston Rd., So., Toronto 9 
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Pyrocon easily gets into 
those “out-of-the-way” 
places. 


The rigid arm Pyrocon is 
ideal for checking steam 
trap temperatures. 
Flexible arm gives Pyrocon 
additional usefulness. 


/ Type 4000 Pyrocon: 
Rigid arm, shielded fine 
wire Thermocouple. 


Take any surface temperature 
Quickly, Accurately with the 
handy PYROCON! 


MONG portable pyrometers the Pyrocon sets new standards for 

accuracy and fast indications! And its usefulness extends to almost 
every case where surface temperatures must be closely watched. 
Available with any or all of ten interchangeable thermocouples, (no 
recalibration required after changing) the well-balanced hand-held 
Pyrocon is used in every industry . . . die-casting, plastics, rubber and 
poper processing, refinery service, etc. Readings are fast and, like 
all Alnor instruments, the Pyrocon’s accuracy is of laboratory quality. 


<< TAKE A MINUTE to get the whole story! 

a Use this coupon to get your copy of Bulletin 4257. 
We promise you, you'll be glad you did. 
... Alnor Representatives are conveniently listed in 


Type 4000 Pyrocon: Flexible arm, classified directories in over 24 major cities. 


shielded fine wire Thermocouple 


HLINOIS TESTING LABORATORIES, INC., Room 523 


- : } a * ce 
420 WN. La Salle Street, Chicago 10, Illinois PRECISION INSTRUMENTS 
Send me Bulletin No. 4257 FOR EVERY INDUSTRY 


Have Alnor representative call 


Company Name ILLINOIS TESTING LABORATORIES, INC. 


Address Chicago 10, Illinois 
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Right Combination for ACCURATE 
TEMPERATURE 
MEASUREMENT 


HROMEL-ALUMEL 


Couples and Leads 


If you're concerned with accurate temperature measurement in your heat 
treating operations, you'll do well to check your meter installations against the 
diagram shown above. It means simply this: 


(1) Make sure your pyrometers are of recent manufacture . . . precision 
built... capable of accurately registering true temperature —EMF values... 
and calibrated for dependably accurate Chromel-Alumel Thermocouples. 


(2) Standardize on durable Chromel-Alumel Thermocouples. They're highly 
responsive to temperature fluctuations . . . so resistant to oxidation you need 
not pack the protection tube. And they carry a positive accuracy guarantee 
of + 5°F. from 32° to 660°F., and + %% at temperatures above 660°F. 


(3) Then, of course, complete your chain of accuracy by using Chromel- 
Alumel “extension” leads. For, by using wires of identical compositions for 
both couples and leads, you eliminate all possibility of “cold-end” errors. 


Our Catalog M'! tells the complete technical story ... and additional reference 
can be found in the following Bureau of Standards Research papers: R.P. 767 — 
“Standard Tables for Chromel-Alumel Thermocouples”; R.P. 768 —“Methods 
of Testing Thermocouples”; R.P. 1278 —“Stability of Base Metal Thermo- 
couples in Air at 800° to 2200°F.” 


Chromel-Alumel couples and leads ure available through your pyrometer manufacturer. 


HOSKINS MANUFACTURING COMPANY 


444 


1ON AVE . . CH AN 


Heating Element Alloys. * Heat Resistant Alloys * Thermocouple Alloys * Spark Plug 
Electrode Wire * Special Alloys of Nickel * Electric Heat Treating and Laboratory Furnaces 
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ECLIPSt 


GAS-FIRED 


FORGE FURNACES 
RUGGED. .. EFFICIENT. .. ECONOMICAL 


@ ELECTRIC-WELDED, HEAVY STEEL CONSTRUCTION 
@ HIGH GRADE FIREBRICK AND INSULATING FIREBRICK 
@ REFRACTORY-LINED SHIELD FOR RADIATION PROTECTION 


@ INDIVIDUALLY-CONTROLLED ENTRAINMENT BURNERS 


The Eclipse gas-fired Forge Furnace offers you many new 
advantages of design, protection and operating effi- 
ciency. [ts compact shell construction is of heavy angle 
and sheet steel. Available in hearth sizes 12” x 6” to 

48” x 72” Wall and arch are built to assure long wall 
life and minimum heat loss. Specially-designed, adjustable 
shield and air pipe carry radiated heat up and away 
from personnel. Flues are located in each corner for con- 
trolled distribution of heat. Square removable cast 

iron burner and tuyere block holder prevents flow of hot 
gases from chamber to outer shell. Furnace comes equipped 
with McKee zero governor and single valve control 
Entrainment burners are individually adjusted. . . 

will not backfire, even when turned down to low capacity. 


for full information write for bulletin E-3 


Eclipse Fuel Engineering Company McKee 
ROCKFORD ILLINOIS Eclipse 








KING PORTABLE 
BRINELL 


HARDNESS TESTER 


How many times have 
you carried heavy work 
to the Brinell Tester? 
Too often, you'll sa 

Here is a 26-lb. port- 
able tester you can easily 
take to the work and save 
time and trouble by doing 
your Brinell work on the 

ob. The King Portable 

S inch puts an actual 
load of 3000kg on a 10mm 
ball. It can be used in 
any position. 

‘he test head is remov- 
able for testing larger 
yieces beyond the capac- 
ity of the standard base. 








Throat—4”" deep. Gap-——10° high 
W eight— 26 lbs. 


Let us show you how we can lighten 
your Brinell testing. 


my ANDREW 
al KING 


NARBERTH, PENNA. 


- 


»> 


wT 


SE 
ei 


As 
RE 


» 


ys 


Ya 











G. ccna to be 


Unlimited 
I. 


— 


—& SS E ticient 
ee Sie 
AY 
Wloy Steet 


CALUMET STEEL CASTINGS CORP. 
1636 SUMMER ST. » HAMMOND. IND. 
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NOW 


for immediate shipment 





QUALITY CONTROLLED 


&L ELECTRICWELD tubing 


NOW ALL SHAPES 
AVAILABLE! 


You've asked for J&L Electricweld Tubing in shapes. Now you 
can get them in a wide range of sizes—squares, rectangles, ovals 


and other special shapes. 


USE the structural advantages of J&L Electricweld Tubing to 


strengthen and lighten the weight of your products. 


USE the quality-controlled surface of J&L Electricweld Tubing 


to obtain better, smoother finishes. 


USE J&L’s experience in tubing design and manufacture to 
help you select the best sections and to determine the most 


practical tolerances that will give you the lowest possible cost. 


There’s nothing more versatile than a tube. There’s no tubing 
better than J&L Electricweld Tubing. 


Let us send you the booklet: “J&L ELECTRICWELD TUBING for 


more strength with less weight.’’ The coupon is for your convenience. 


JONES & LAUGHLIN Steet CorRPORATION 


oy its own raw * PRINCIPAL PRODUCTS: HOT ROLLED AND COLD FINISHED 
carb om — tres “ a oak BARS AND SHAPES + STRUCTURAL SHAPES + HOT AND COLD 


certain products in oriscovoy ROLLED STRIP AND SHEETS + TUBULAR, WIRE AND TIN MILL 
and JALLOY (hi-tensile steels). PRODUCTS + ‘‘PRECISIONBILT’’ WIRE ROPE » COAL CHEMICALS 
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<2 
Bie ted 


Jones & Laughlin Steel Corporation 
405 Jones & Laughlin Building 
Pittsburgh 19, Pa 

Please send me your booklet: “J&L 
ELECTRICWELD TUBING for more 
strength with less weight.” 

NAME 


COMPANY 


ADDRESS 








THE 


Helpt 


—— 7 - | 
/ 


ping Hand 
<i 
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Precision Hardness Testing 


WILSON has maintained in the 
past and continues to maintain a 
staff of Field Service Engineers — 
responsible hardness testing spe- 
cialists. Their responsibility is to 
(1) study users’ hardness testing 
requirements, (2) recommend the 
equipment that will serve best, (3 
see that it is correctly installed and 
(4) make sure that it continues to 
give dependable service. 

We are originators and exclu- 
sive manufacturers of “ROCKWELL” 
Hardness Testers, ““ROCKWELL”’ 
Superficial and Tukon Microhard- 
ness Testers. Our years of concen- 
tration on developing and improv- 
ing hardness testing equipment give 
our factory-trained representatives 
the necessary background for the 
best possible service to you. 


BRALE is the only diamond indenter 

made to Wilson's precision standards 

for use n “ROCKWELL” Hardness 
= Testers and “ROCKWELL” Super- 
w ficial Hardness Testers. 


WILSON = 4¢¢£0 


MECHANICAL INSTRUMENT CO., INC. 


AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. 


be 
230-F PARK AVENUE, NEW YORK 17, N.Y. 








HAVING A METAL JOINING 
PROBLEM? Ask Us— 


Gu horuporaiite 
EUTECTIC 


WELORODS 


“Eutectic Low Tempera 
ture Weldrods” can 
solve it for you the 
modern way by joining 
metals ct low heat — 
avoiding distortion, 
stress, warping, over 
heating 


Write to 
sole manufacturer — 


EUTECTIC WELDING ALLOYS CORP. — DEPT. D 
40 Worth Street New York 13, N. Y 


Chicago, Cincinnati, Cleveland, Dallas, Detroit, 
Los Angeles, San Francisco, etc 








160 Field Engineers Everywhere to Help You 


merica’s Welding Alloy Specialists 























X-RAY VIEW reveals 
finest engineering and 
craftsmanship in the 
DoALL construction. 


SAWS ANYTHING 
So Metals 
= 
a 
T~ Wood 


* 
, 


Plastics 


Fabrics 


wS Paper 
c: Synthetics 
Sen 


WORLD'S FASTEST 

STOCK REMOVING PROCESS 
Used in all industries to ‘‘slice’’ 
off stock in minutes instead of 
“whittling” to shape. Gives 
continuous cutting on external or 
internal shaping operations. 


THE RIGHT SAW BLADE 

FOR EVERY PURPOSE 
DoALL’s many types of = 
blades give the “team- @ 
work’ needed for produc- 

tion economies. DoALL 
pioneered these many 

blades for optimum 

cutting of all 

materials. 


The DoALL Co: 


Des Plaines, Illinois 
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RESEARCH ser \ MINING 


“YOU BUY A LOT OF, VICE 
IN A CHEMIC 1ERAL” 


j t ‘ft 


PRODUCTION SALES TRANSPORTATION 


6 YEARS OF SERVICE 


BASIC CHEMICALS It takes scores of steady customers to keep a company climbing 
through the business peaks and valleys of 50 years. Satisfying them 
means providing a lot of service of the right kind at the right time. 


In 1899, the founders of General Chemical believed in this when they 
combined a dozen small companies into one well-knit organization. 
Today, that concept of General Chemical service has resulted in more 
than 90 producing and distributing facilities in centers of commerce 
from coast to coast. 


In research, engineering, production, and in sales, everything is done 
that can be done to serve you well. Remember this when you specify 
General Chemical—first for Basic Chemicals for American Industry. 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
OFFICES IN PRINCIPAL CITIES FROM COAST TO COAST 
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1,000,000 
OF A VOLT! 








Sensitivity Marks 


ENGELHARD WALL TYPE 


Indicating Pyrometers 


Response to variations of 55 millionths of a 
volt, to show 10°F temperature changes— 
even under heavy operating conditions—indi- 
cates the extreme sensitivity of the Engelhard 
switch-board model Pyrometer. High resist- 
ance per millivolt insures accuracy, regardless 
of lead length or thermocouple resistance. 
Instant readings in either millivolts or tem- 
peratures are by direct deflection. Calibrated 
to your requirements, for one or two types of 
thermocouples in any desired combination. 
For full information just fill out coupon 


below. 


eS EE EE EE 


<POoOO4 ZOVCONn -=pPz 


Please send me free copy of Bulletin 400 





NAME 
ADDRESS 


D-4 


CHARLES ENGELHARD, INC. 


850 PASSAIC AVENUE, EAST NEWARK, N. J. 


J PLAN TO INSTALL 
BUZZER 


Reg. US, Pat OFF. 


INDUSTRIAL Goa EQUIPMENT 


NO BLOWER or POWER NECESSARY 
++. just connect to gas supply 


Atmospheric Pot Hardeniag 
Furnaces for Salt, Cyanide 
and Lead Hardening. Also 
adapted for Melting Alu- 
minum. Attain 1650° F. 


Burzer Rectangular Liquid 
Heat Treating Baths, Galvanizing, 
Tinning and Melting Furnaces. 


Send for the complete ‘‘BUZZER"’ Catalog 


CHARLES A. HONES, rnc. 


123 So. Grand Ave. 





Baldwin, L.I.,N. Y. 








Control 


wt 


Coo 


With the Dietert Carbon 
Determinator, you can get 
carbon content of metals 
to an accuracy of one-half 
point in two minutes. Other 
materials having up to 
60% carbon are tested 
with comparable accuracy 


The PRICE is 
$235.00 


YG PE OG wees eee Eee 





Zircotube combustion tubes have especially long 
service life and even at temperatures of 2800’ F. 
they do not crack, sag or become porous. They 
resist thermal shock and metal splatter. 


4 
a 


A 


Oe thie fv ¢ 


if 


, 
The sulfur content of 
metals and other ma- 
terials can be just as 
accurately obtained 
by the Dietert Sulfur 
Determinator in three 
mir.utes. 


The PRICE is 
$153.00 


The Dietert 
Furnace used in the com- 
bustion of samples for 
carbon and sulfur deter- 
mination develops tem- 
peratures under close 
control up to 2750° F. 


The PRICE is 


& $228.00 
The PRICE is $49.00 a thousand jf 5202 


Varitemp 


a a a oe) oe 


tad 
ers 


Dietert Combustion Boats likewise are 
highly refractory, resist metal shock 
and metal penetration. 





for complete specifications. 


CONTROL 


Write to Department 9 | 


Harry W. 


9330 Roselawn Ave. 


DIETERT 222 


Detroit 4, Michigan 
SAND + MOLD + MOISTURE + 


EQUIPMENT + CARBON + SULFUR 
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CASE HARDENING 
COMPOUNDS 


Cyanamid AEROCASE* Case Hardening Compounds 
offer the following important advantages: 


THEY ARE LOW IN COST 





THEY CAN BE USED IN CERAMIC POTS—AS WELL 
AS IN STEEL POTS 


THEY CAN BE USED FOR NEUTRAL HARDENING 








YOU CAN QUENCH FROM THEM DIRECTLY INTO 
LOW TEMPERATURE NITRATE BATHS FOR 
ISOTHERMAL TREATMENT 


Cyanamid Arrocase Compounds provide a high degree of flexi- 


bility — for applications covering a wide variety of products. They 


---45 


quickly produce a hard, wear-resisting case of uniform penetra- 


AMERICAN Ganamid COMPANY 


INDUSTRIAL CHEMICALS DIVISION, DEPT. P4 


30 Rockefeller Plaza, New York 20, N. Y ; 


Please send me technical dota sheet on AEROCASE Case 
Hardening Compounds 





tion — with low drag-out losses and economy of operation. They 
are the only case hardening compounds used in Ceramic Pots 
thus, longer pot lite is assured 


Send coupon today for technical data sheet on Arnocast 


Compounds Res. U.S. Pat. On 


YOU GAN TREAT MORE METAL BETTER, FASTER, AND AT LOWER COST—WITH SALT BATHS 


‘When Performance Counts . . . Call on Cyanamid” 








DISTRICT OFFICES: Boston, Mass. + Philadelphia, Pa. + Baltimore, Md Nome 
Charlotte, N.C. + Cleveland, Ohio + Chicago, Ill. + Kalamazoo, Mich 


Company Position 
Detroit, Mich. + St. Louis, Mo. + Azusa, Calif 


City Zone State 
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SCALE-FREE FINISH ANNEALING 
BRASS STRIP IN COILS 


@ The EF gas-fired roller hearth furnace pictured above 
scale-free finish anneals brass strip at temperatures ranging from 
900 F. to 1450°F... . has burner capacity to heat 5000 pounds 
per hour to 1450 F.—60 tons per day 


This furnace is one of EF's direct gas-fired semi-continuous inter- 
mittent operating designs, with separate chambers for preheating, 
annealing and cooling. Special ratio control burner equipment 
produces the exact atmosphere desired. An ingeniously designed 
forced circulation system assures accurate temperature distribution 
—and uniform anneal and surface finish—day after day 


EF research, EF design, and EF experience have greatly advanced 
the metallurgical processing of ferrous and non-ferrous metals, 
resulting in closer physical tolerances, more uniform results and 
more efficient, low cost, trouble-free operation. Let us work with 
you on your furnace problems! 
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WILSON STREET 
GAS FIRED, OIL FIRED AND ELECTRIC FURNACES 
FOR ANY PROCESS, PRODUCT OR PRODUCTION 








FORGING 
EXTRUDING 

DEEP PIERCING 
STRETCH FORMING 


HESE metal forming operations, performed at 400° F. and 
up, need constant, positive lubrication to battle friction. 
When conventional lubricants fail, then versatile “dag” 
colloidal graphite dispersions will . . . 
in deep piercing—produce smooth forgings to close toler- 
ances .. . and reduce die damage 


in casting and mold stripping—insure smooth surfaces and 
clean parting 


in wire drawing — assure longer die life and uniform 
diameter 


in forging—minimize scaling and sticking . . 
finish . . . lengthen die life 


in stretch forming—reduce tearing and rippling 


“dag” colloidal graphite dispersions, when applied to fric- 


. improve 


ACHESON COLLOIDS CORPORATION, 


TORRID! 


CASTING 
STAMPING 

WIRE DRAWING 
MOLD STRIPPING 


tion surfaces of metals, create an extremely low coefficient of 
friction, resist oxidation, and function at temperatures well 
above the burning point of oil. 


Use “gag” colloidal graphite dispersions as lubricants for 
all your metal forming operations, save wear and tear on 
machines, and get better products and fewer rejects. 


Colloids engineers can 


show you how to secure positive lubri- 
COLLOIDS 


Acheson 


cation at high temperatures, 400° F. 
and up, with “dag” colloidal graph- 
ite dispersions. Send coupon NOW 

. detailed information will follow. 
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